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SOILS OF THE BACA TP-ANSNISSIOi-l U:';E 

INTROj)iJCTIO~ 

The soL!. survey of the transmission line goes from the geothermal \';!2lls 

on the: \vec;t side of the Baca to los Alamos, Nt-f. Nuch of the infornation 

in this report was provided by the soil conservation service of the USDA 

, . and £;001 a soil survey report of Los Alamos County. The consultants e;':1'r255 

gratiLtide to ~Ir. Leroy Hacker of the USDA-SCS for his help. 

The zllrvey objective was to prepare soils information (maps and 

descriptions) that could be used in accessing the icpact of putting in an 

electric tt""insDission line. The soil survey maps of the Baea are provic1;:- ... ~ 

at an order 3 level. The soil survey of the Los Alamos portion of the 

t~ausmission line is at an order 2 level and is attached as an appendix. 

T(I~ or~~r 3 maps of the Bacn are attached and are at a scale of 1: $1. ,680. 

( The 30i15 of an order 3 map are identified by transecting, traversing and 
\ 

some o'bservati'1ns. BOtJuda:c1.es are plotted by observation and interpretat.ion 

of rr. .. :notely .sensed data and verified ,.;ith some observations. The kinds of 

map llni :: ~ aT!'! i;;:L~nly associations. The map unit cooponents are F.lainly 

phaAes of soil series and phases of soil families. USDA-SCS A6ric~lture 
, 

Handb()o~ 436 should be used for definition of the soil families (Soil 

Taxonomy) . 

A survey of this type is intended as a t ool fo r pl anning purpos e s C'.nd 

1,3 not si tp. sp~c:i fi c . In many ins tances, on site investigations ,vi II be 

req~ire ~ fo r intensive use. The estimates given fo r the kinds o f soils. 

amoun ts o f i !:clus ions, and ex tent of each map pjn g uni t may vary by 20 or 

more perce :1t. Tho:? l i mita tions of a n orde!' 3 ma p should be considered 

before in tecse Of detailed p l anni ng is i nitiated . 



Hm~ THIS SURVEY HAS MADE 

Th~ consultants made this soil survey to learn \.;hat kind of soil is 

located in the survey area, where they are located, and how they can be 

used in the construction of a transmission line. The surv~y 'Jas started 

with the knowledge that many of the soils have been identified, but some 

have not. The consultants observed st~epness, length and shape of slopes; 

the kind of native plants; the kind of rocks; and many facts about soils. 

Many holes w<!re dug to expose soil profiles. Nany of the map unit names 

and supportive in~ormation ~<las prov:!.J('d by the Soil Conservation Service. 
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The obsen"ed scil profiles tvere cla.ssified and named according to the 

procedures o~ the ~atio~al Cooperative Soil Survey. The soil serias, soil 

family awl i:heir ph",se.:: are the catego:'ies uf .5oil classitica::ion nost used 

in. this survey. 

Soils that have profileS almost alike make up a soil series. Except 

for different ta:.<tures of the surface layer, the major horizons of all the 

soils of one series are similar in thickness, arrangement and oth~~ important 

charl1cteristics. l-lhere soil series have not been named thro1lgh the Natio;-,·J. 

Cooperative Soil Survey, the soil family was used. This is th8 n:xt cate­

gory in soil classification. 

Soils of one series or family can differ in the texture of the surface 

lay~r, in slope or some other characteristic that affect use. On the basis 

of such differences, a ~oil series or family is divided into phases. 

After a guide for classifying and naming the soils had been establiShed, 

the consultl1ots drew the boundaries of the individual soils on aerial 

photo)0raphs. Tha areas sho,m on the soj 1 map are cal1.ed mapping tlni ts, 

Most ~Bpping units are made up of soils of different series or fa~ilics. 

'the rno,;;: CO:::::0:1 mapping unit shmm on the 50iT map of this sun-e:,' Tre.) 

is a suil a~s~ciation. 
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A soil association is made up of adjacent soils that occur as areas 

large enough to be shown individually on the soil map but that are shown as 

one unit because the time and effort of delineating them separately cannot 

be justified. There is a considerable degree of uniformity in pattern and 

relative extent of the dominant soils, but the soils can differ greatly 

one from another. 

DESCRIPTION OF THE SOILS 

A total of 16 mapping units were described in the Baca part of the soil 

survey. The Los Alamos portion of the soil survey is provided as appendix 2 

to this report. Many sites were investigated by digging to determine the 

number of soil series and families which make up the map units. The following 

section is a discussion of the map units for the Baca. The description of 

the central concept of the series and families used to describe map units is 

provided in appendix 1. 



CA Crvoboralf-Cryochrept AssC'ciation. 15-35% slopes 

This =:n.p unit is on mountain si.deslo?es. Slope is 15 to 35 percent. 
Th~ native vegetation is mainly Douglas fir, blue spruce, aspen, nountain 
b::o:ne, ,.,i th introduced timothy and wheat grass. 

ri.is uni t is 25 percent coarse-loamy. mixed Psammentic CryoboralfR 
and 25 percent coarse-loamy, mixed Alfic Cryochrepts. 
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Included in this unit are small areas of loamy-skeletal. mixed Alfie 
Cryochrepts, loamy-skeletal, mixed Psammentic Cryoboralfs and loa;::y­
skeletal, mixed Alfic Cryochrepts. Included areas make up about 50 percent 
of the total acreage. 

The coarse-loamy, mixed Psammentic Cryoboralfs are deep, well drained 
sO.Us. They fC't7.!ed in rhyolytlc colluvium on mountain sideslopes. A 
typical profile he:s a grayish brotm cobbly loam to sandy loam about 30 
inches thicl<. Tht-1 subsllrf'ice is brotm to dark brD\.Jn cobb1y sandy loam 
to more than 70 inches. 

The coarse-loamy. mixed Alfie Cryochrepts are deep, well drained 
soils. Th€\y fermed in rhyolytic; collu';ium and tuff on mountain sides1opes. 
A typic:c-,j. profile has a bremn sandy h,a:"l about 10 inches thick. The 
subsucfa~e is brown sandy loam to more than 60 inches. 

fC C~"yobora1.f ~ssociation, 15-35% slopes 

This map unit is on mountain sideslopes. Slope is 15 to 35 percent. 
Th~ native vegetativn is mainly j)ouglas fir, ~.,hite pine, limber pine, aspen, 
Kel1tuc;~y bluegrass and mountain brome. 

This unit is 50 percent lOaI:1y-skeletal, mixed Psammentic Cryoboralfs 
and 30 percent coarse-loamy, mixed Psammentic Cryoboralfs. 

Included in this unit are small areas of coarse-laomy, mixed Alfie 
Cryochrepts, 10a::1y-skeletal, mixed Alfie Cryochr~pts, and loa~y-sI<el<.>tal, 
mixl:d C:ryic Paleborolls. Included areas make up about 20 percent of: the 
total <lcreage. 

The coarse-loamy and loamy-skeletal, mixed Psammentic Cr::oboralfs are 
deep, well drained soils. They formed in rhyolytic colluvium on countain 
sides lopes . ri1e coarse-loamy soils have less than 35% coarse frag:nents 
while the loamy-skeletal soils have more than 35% coarse frag~ents. A 
typica 1 profile has gr.:lyish brm-m loam to cobbly loom to 30 bches. The 
subs lJ.rf2.Ce h<1.s bt'u,-m to dark brmvn sandy 1aom to c.obb1y sandy loa;:;; to more 
I"han 70 inch<,s. 

, 
I 
) 
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CT Cryoboralfs-Rubb1e land A:=;sociation; >.35~~ slopes 

This mar unit is on mountain sideslopes. Slope is >35 percent. The 
nntive vegetation is mainly Douglas fir, Engleman spruce, corkbark fir, 
w:tldoats, Tioothy grass, wild strawberry and Arizona fescue. 

This unit is 40 percent loamy-skeletal, mixed Typic Cryoboralfs, 
20 percent fine-loamy. mixed Typic Cryoboralfs, 20 percent fine-loamy. 
mix~d Psammentic Cryoboralfs, and 20 percent Rubbleland. 

The loamy-skeletal, mixed Typic Cryoboralfs are deep, well drained 
soils. They formed in tuff on mountain sides1opes. k typical profil~ has 
dark grayish brown sandy loam to 15 inches. The subsurface has brown 
extr~mely gravelly, gravelly and cobbly sandy loam to 87 inches. 

The fine-loamy 9 mb~ed Typic Cryoboralfs are deep. well drained soils. 
They fOT.1ned in pumice and tuff on mountain sideslopes. A typical pr·:,file 
has very dark grayish bro~m gravelly sandy loam to 8 inches. The sub~:;urfac.e 
has yellm,rj.sh red and reddish brown gravelly sandy loam and sandy clay 
loa:-ci. 

The fine-loamy, mixed Psammentic Cryoboralfs are deep, well drained 
soils. They formed ill pumice and tuff on mountain sideslopes. A typical 
prC'fi le has brmvo and dark grayish hro"tm loam to 22 inches. The sub$urface 
has brotJtl gravelly sandy clay loam and clay loam to 118 inches. 

Rubble land is a miscellaneous land type made. up of loose rbyolyte 
c,')lluviu!l\ vIi th little or no soil filling the voids l-ettJeen rocks. The 
loose, unstable rocks r.tlng~ in size from a few inches to a few feet in 
diH!1leter. Thase materials u::ually lack vegetation. 

GA Glossobor.."l.lfs-Argiboroll Association, 15-35% slopes 

This map unit is on mountain sideslopes. Slope is 15 to 35 percent. 
The native vegetation is mainly Douglas fir, blue spruce, aspen, white fir, 
limber pine cnr ponderosa pine. 

This unit is 40.percent fine-loamy, mixed Eutric Glossoboralfs, 25 
percent fine-loamy, mixed Psammentic Glossoboralfs and 25 percent fine­
loamy, mixed Typic Argiborolls. 

Included in this unit are small areas of loamy-skeletal, mixed Eutric 
G10~soboralfs. Included areas make u~ about 10 percent of the total acreage. 

The fine-loamy, mixed Eutric Glossoboralfs are deep, well drained 
~oils, They formed in rhyolytic and tuff colluvium on mountain siceslopes. 
A typical pl-t'file has dark bro,vo to brO\VD loam and sandy loam to 24 
inches. Tbe subsurface has brown gravelly sandy clay Ioem to 80 inches. 
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The fine-loamy, mixed Psammentic Glossoboralfs are deep, well drained 
soils. They formed in tuff on mountain sideslopes. A typical profile has 
dark brmvn to brotvn sandy loam to 23 inches. The subsurface has !:;-!2 inch 
bands of brotvn sandy clay loam in a matrix of hrmvn loamy sand to sandy 
loem to 60 inches. 

The fine-loamy, mixed, Typic Argiborolls are deep, 'tolell drained 
soils. They formed in rhyolytic colluvium on mountain sideslopes. A 
typical profile has very dark brown gravelly loam to 9 inches. The sub­
surface has brown gravelly sandy clay loam to 60 inches. 

GE Glossoboralf Association. 15-35% slopes 

This map unit is on mountain side slJpes. Slope is 15 to 35 percent. 
The native vegetation is mainly Douglas fir, blue spruce, aspen, tolhite fir, 
and limber pine. 

This unit is 50 perc.ent loamy-skeletal, mixed Eut"t"ic Glo5soboralfs, 
25 percent fine-loamy, mixed Eutric Glossoboralfs and 20 percent fine­
loa.rr.y, mixed P::;arnmcntic Glossoboralfs. 

Included in this unit are small areas of loamy-skeletal, mixed 
Psamm~ntic Glossoboralfs. Included areas make up about 5 percent of the 
total acreage. 

Tht=! loamy-skeletal, mixed Eutric Glossoboralfs are deep, well drained 
soils. They formed in tuff on mountain sideslo?es. A typical profile has 
very dark graJish brown to pinkish gray sandy loam to 18 inches. The 
subs~rface has light brown to reddish brown sandy loam and gravelly sandy 
clay loam to 94 inches. 

The fine-loamy, mixed Eutric Glossoboralfs are deep, well drained 
soils. They formed in rhyolytic and tuff colluvium on mountain sideslopes. 
A typical profile has dark brotvn to brown loam and sandy loare to 24 inches. 
The subsurface has brown gravelly sandy clay loam to 80 inches. 

The fine-loamy, mixed Psammentic Glossoboralfs are deep, tolell drained 
soils. They formed in tuff on mountain sideslopes. A typical profile has 
dark brow-u to brow'n sandy loam to 23 inches. The subsurface has ~-!~ inch 
bands of bro'.va sandy clay loam in a mat"t"ix of bro· ... 'I1 loamy sand to sandy 
loam ~o 60 inches. 

! 
. ' 
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GG Gl~ssQboralf Associ~tion, 0-15% slo~ 

This map unit is on mountain sideslopes and footslopes. Slope is 
o to 15 percent. The native vegetation is mainly Douglas fir, blue spruce, 
aspen, white fir, and limber pine. 

This unit is 40 percent fine-loamy, mixed Eutric Glossoboralfs, 25 
percent loamy-skeletal, mixed Eutric Glossoboralfs and 25 percent fine­
loamy, mixed Psatnmentic Glossoboralfs. 

Included in this unit are small areas of loamy-skeletal, mixed 
Psammentic Glossoboralfs. Included areas make up about 10 percent of th3 
total acreage. 

The fine-loamy. mixed Eutric Glossoboralfs are deep, ~.,ell drained 
soils. They formed in rhyolytic and tuff colluvium on mountain side.slopes. 
A typical profile has dark brown to brown loam and sandy loam to 24 inches. 
The subsurface has brown gravelly sandy clay loam to 80 inches. 

The loamy-skeletal, mixed Eutric Glossoboralfs are deep, well drained 
soils. They formed in tuff on mountain sideslopes. A typical profile 
has "ery dark grayish brown to pi nkish gray sandy loam to 18 inche~3. The 
subsurface has light brmm to reddish brown sandy loam and g·ravelly sandy 
clay loam to 94 i nches. 

The fine- loamy, mixed Psarnmentic Glossoboralfs are deep, Nell drained 
soils . They f ormed i n tuff on mountain sideslopes. A typical profile has 
dark brot."l1 to br own sandy loam t o 23 i nches. The subsurface has ~-!2 inch 
bnnds of brmm sandy clay loam i n a matrix of bro~m loamy sand t o sa~dy 
loam to 60 inches. 

yH G~ossoboralfs-Rubble land Association, >35% slopes. 

This map unit is on moun tain sideslopes . Slope i s >35 percen t. The 
nati.ve vegetation is mainly Douglas f ir, bl ue spruce , aspen , white fir and 
l itr.ber pi ne . 

This unit is 40 percen t l oamy- ske l eta l, mixed Eut r ic Gl ossohora lfs , 
25 percen t Rubble land and 20 percent fine-loa~y, mi xed Eutric Glo ssoboralfs . 

Includ ed in this unit a r e small a r eas of loamy-skele t al , mixed 
Psammentic Glossobo r al fs. Included areas make up about 15 per cen t of t he 
t otal a creage. 

The lo~my-skeletal, mixed Eutric Glossoboralf s are deep , well drained 
soils. They f ormed in tuff on mountain sideslopes . A typical profi l e has 
very dnrk grayi s h brown to pinkish gray sandy loam to 18 inches. The sub­
su.face has light broT-lD to reddish hrOlm sancy loam and gravelly sandy 
clay loam to g4 i nches . 



.. 
Rubble land is a miscellaneous land type made up of loose rhyolyte 

colluvium with little or no soil fill ing the voids betm~ell rocks. The 
] oose, unstable rocks range in size from a few inches to a fe,., feet in 
rii.:1.'.n=ter. These materials usually lack vegetation. 
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The fine-loamy, mixed Eutric Glossoboralfs are deep, well drained 
soils. The~,. formed in rhyolytic and tuf f colluvium on moun tain sideslopes. 
A typical profile has dark. brown to brown loam and sandy loam to 24 inches. 
The f,u0surface has bro~vri gravelly sandy clay loam to 80 inches. 

GL Glossoboraif-Rubble land Association, >35% sldpe 

Ti1is map unit is on mountain sideslopes. Slope is >35 percent. The 
native begF!tation is mainly Ponderosa pine, blue spruce, aspen, limber 
rine and Douglas fir. 

This unit is 55 percent loamy-skeletal, mixed Psammentic Glossoboralfs 
und 30 p.;-rcE:71.t Rubble land. 

Included in this unit are small areas of loamy-skeletal, mixed, frigid 
Typic Udorthents, fine-loamy, mixed Typic Paleborolls and lca~y-skeletal, 
mixed Typic DystrochrEpts. Included areas make up about 15 percent of the 
total acreag8. 

The loany-sl~eletal, mixed Psarnmentic Glossoboralfs are deep, ,.,ell 
drained soils. They formed in Tuff and rhyolytic colluvium on mountain 
sideslopes. A typical profile has a brotvn to grayish brown gravelly to 
c.obbly loam :0 sandy loam to 20 inches. The $ubsurface has brow~ sandy 
clay loam la:nellae ~ to 1 inch wide to a depth of greater than 60 inches 
in a matrix of pale brotvn gravelly and cobbly sandy loam. 

Rubble land is a miscellaneous land type made up of loose rhyolyte 
colluvium ~.;ith little or no soil filling the voids bet~veen rocks. The 
loose, unstaole rocks range in size from a fe~" inches to a fe'" feet in 
diam~t8r. These materials usually lack vegetation. 

GP Glosso~oralf-Dystrochrept-Paleborol1 Association, 15-35% 

This map unit is on mountain sideslopes. Slope is 15 to 35% percent. 
The native vegetation is mainly Douglas fir, ponderosa pine, white fir, 
limber pine, asp2n and Arizona fescue. 

This Ullit is 30 percent leamy-skeletal, mixed PRammentic GlossohoralfR, 
20 percent coarse:,~loarny, mixed Ps~mmel1tic Gloss'Jhoralfs, 20 percent If).q!!lY­
skeletal, m!x2d Typic Dystrochrepts, and 20 psrcent fine-laoGY, mixed Typic 
PalebQro1l2. 



( 
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Included in this unit are small areas of cO:lrse-.loar.!Y, nb:ed Typic 
Dystr ochrepts. Included areas make up about 10 percen t of the total 
acreage. 
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The loa~;y-skeletal and coarse-loamy, mixed Psammentic Glossoboralfs 
arc deep ! '",ell drained soils. They formed in tuff and rhyoJytic colluvium. 
The loarr:y- skeletals have more than 35% coarse fragments and t he coar se­
lcamy soils have less than 35% coarse- fragments. A typical profile has a 
brown to grayi sh brmm sandy laom and loam to cobbly and gravell y l oar.! and 
sandy loam to 20 inches. The subsurface has bro~vn sandy clay l oam and 
c l ay loam lamel lae ~ to 1 inch wide t o a depth of greater than 60 inches 
in a matr ix of pale brown gravelly and cobbly sandy loam. 

The loamy-skeletal, mixed Typic Dystrochrepts are deep, lYell drained 
soils. They are formed in tuff and rhyolytic colluvium on mountain side­
slopt:!s. A typical profile has a grayish brown graV'elly loam to sandy 
10 m !! to 10 inches. The subsurface has bro,m gravelly loam to s .'mdy loam 
to a d~pth of greater than 60 inches. 

The fine - 1aomy, mixed Typic Paleborolls are deep, \OTell 
They f ormed in r hyolytic colluvium on mountain sideslopes. 
pr.ofile has a dark brmm loam to 25 inches. The suhsurface 
derk br mvn cl ay loam to a depth of more than 60 inches. 

CS Cryobor alf- Cuochr ep t Associat ion ~ 35%+ slope 

drained soils . 
A typical 
is brown to 

This map uni t is on mountain s i deslopes. Slope is >35 percent . The 
nativ~ vegetation is mainly Douglas f ir , aspen, blue spruce white fir and 
l i mber pine. 

This un~ t is 60 percent loamy- skeletal, mixed Psammentic Cryoboralfs 
and 20 percent coarse-laomy, mixed Alfi c Cryochrepts . 

I ncluded i n this unit ar e small areas of coarse- loamy, mixed Psa~enti c 

Cryoboralfs and rubble land. Inc l uded ar eas make up about 20 percen t of 
the t otal ac r ea ge . 

The l oamy-skele tal , mixed Psarnrnentic Cryobor alfs a r e deep, wel l 
draiLled soils. They formed in r hyolytic colluvium on mounta in s i deslopes . 
A typical profile has a grayish brown cobbly l oam to sandy l oam abou t 30 
inches thick. The subsurface is brown t o dark brown cobbl y sandy loam to 
more than 70 inches. 

The coarse-loamy, mixed Al fie Cryochrepts are deep, well drained 
soils. They formed in r hyolytic colluvium and tuff on nountain sideslopes. 
A typical profile has a brotvn sandy loam about 10 i nches thick. The sub­
surface is brown sandy loam to more than 60 inches . 



HS Hesperus-SeeD Association, 3-15% slope 

This map unit is on mountain sideslopes and footslopes. Sl ope is 
.". to 15 percent. The native vegetation is mainly Arizona fescue. pine 
dropseed, wildcats, Thurber fescue, blu~ spruce and ponderosa pine. 

This unit is 50 percent Seco silt loam and 50 percent Hesperus 
silt loam. 

Hesperus silt loam, a fine-loamy, mixed Typic Argiboroll, is a deep, 
well dt:'ained se.iI. It formed in lacustrine on old terraces. A typical 
profile has dark grayish brotm silt loam to 15 inches. The subsurface is 
pale brotm to brown sandy clay loam to 53 inches . The sub5tratum is 
brown sandy clay lo.~Ul to loamy sand to a depth of 87 inches. 
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Seco silt loam, a loamy-skeletal, mixed Typic Pnleboroll, is a deep, 
well drair,ed soil. It form-=d in rhyolytic colluvium on toe slope posi tions. 
A typical profile has very dark brown silt loam to 15 inches. The subsurface 
has brOtoffi to dark brown gravelly and cobbly sandy clay loam and clay loam 
to 60 iroches. 

~!.a Jara-Irim AssoCiation, 0-5% slope 

This 1:I.:lP unit is on floodplains of small streams. Slope is 0 to 5 
p(;rcent. The native vegetation is mD.inIy sedges, Junegrass, iris, and 
Arizona fescue. 

This unit is 50 percent La Jara silt loam and 40 percent Irim silt 
loam. 

Included in this unit are small areas of Tranquilar, Hesperus silt 
loam and Pa~o silt loam. Inlcuded areas make up about 10 pe r cent of the 
total ncreag8 . 

Th -: "La Jar a series i s a deep , s omewhat poorly drained soil. It fo rmed 
in alluvium on fl oodplai ns of str eams . A typical pr ofile has ve r y dark 
bro~D silt loam to 11 i nches. The s ubsurface has dark gray clay a nd 
cl ay lo ~ m t o 21 i nches. The sub3 t r a t um has dark gr ayi s h br own sandy c lay 
loam and gr ave lly sandy loam t o 60 i nches. 

Th~ Irim ~eries is a deep poorly drained s oil. It formed in alluvium 
iIT de.pressed a r ea3 of small s tream floodplains. A typical pr ofile has 
black lo(-l1!l to 11 inches. The s ubsurface has dark grayish brmm very 
gravelly loam to 60 inches . 

\ 
I 

/ 
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~?a~.cboro!. l-Cr'loboralf Association, 3-15% slope 

This r..ap unit is on mountain sides lopes and footslopes. Slop.: is 0 
to IS percent. The native vegetation is mainly Douglas fir, aspen, blue 
spruce, Arizona fescue, spike IDuhly, pine dropseed, and ,dldoats . 

This unit is 60 percent fine- loamy, mixed Cryic Paleborolls, 20 
percent l.:>amy-skeletal, mixed Psammenti c Cryoboralfs and 20 percent 
coarse- loamy, nixed Psammentic Cryoboralfs. 

The fine- laomy, mixed Cryic Paleborolls are deep, well 
They formed in rhyolytic colluvium on mountain sideslopes. 
profile has a dark brown loam to 25 inches. The subsurface 
dark br-o\m clay loam to a depth of more than 60 inches. 

drained soils. 
A typical 
is brow'n to 

lbe coarse- loamy and loamy-skeletal, mixed Psa~entic Cryoboralfs ar.e 
deep , "Jell drained soils. They formed in rhyolytic coJ.luviUITl and tuff on 
mountain sideslopes. The coarse-loamy soils have less than 35 % coarse 
frcgnents while the loamy-skeletal soils have more than 35% coarse frag­
ments . A typical profile has grayish brown loam to cobbly loam to 30 
inches. The subsurface has brmm to dark brown sandy loam to cobbly sandy 
loam to ~ore than 70 inches. 

PE Pavo-Cryobor alf Associati on , 5-40% slope 

This map uni t i s on moun t a i n sides lopes and footslopes. Slope is 
3 t o 15 per cent . The native vegeta t ion is mainly Ar izona fescue, spike 
muhly , pine dr opseed, wild oa t s, blue spruce and Douglas fir. 

This unit is 60 percent Pavo loam and 40 percent coarse- laomy, mixed 
Psamwo:!ntic ·Cryoboralf s . 

Pavo l oam. a fine-loamy , mi xed Cryic Pa leborall is a deep , well 
dr a i lled s oi l. Pavo fo rmed in Tuf f on mount a i n s i des l opes . A typ i ca l 
prof:i. l e has dark grayish br own l oam or sandy loam t o 20 inches . The sub­
!";urfac€: has bro.m sandy l oam and sandy clay l oam to 60 inches. 

The coarse-loamy, mixed Psammentic Cryoboralfs are de ep , well dr ained 
soils. They formed in rhyolytic colluvium and tuff on mountain sides l opes . 
A ·typical pro fi le has grayish bn.on loam to cobbly Clnd gravell y 10Clm to 
30 inches. The subsurface has brown to dark brmm sandy loam to cohbly 
and gravelly sandy loam to more than 70 inche~. 

11 



Re Rubble land-Crvoboralfs Association, >35~ slope 

Slope is >35 percent. The native vegetation i;:; mainly E~gleman 
£;: , ~uce, blue f;pruce, aspen, Douglas firm, Arizona f2scue, ~vi.ldoats, wild 
st!:awberry and sedg~s. 

This unit is 40 percent Rubble land, 25 percent loamy-skalecal, 
mixed Typic Cryoboralfs and 20 percent loamy-skeletal, mixed ?sammentic 
Cr.yoboralfs. 

Included in this unit are small areas of fine-loamy, mixed Typic 
Gryoboralfs. Ineluded areas make up ,about 15 percent" of the total acreage. 

Rubble land is a miscellaneous land type made up of loos~ rhyolyte 
collu',dum '.>lith little or no soil filling the voids between ro,~ks. The 
IGi.;se, unstable rocks range in size from a fe~y inches to a fel': feet in 
dla~eter. Ttdse mateirals usuallY lack vegetation. 

the loamy-s~eletal, mixed Typic Ctyoboralfs are deep, ~.jell drained ' 
soils. They formed in tuff on mountain !:iideslopes. A typical profile 
hafo;: d!:l.rk. g:::-ayish brmolO sandy loam to 15 inches. The subsurface has 
brown ~"'.t:rr;~ely br~\ielly, grave lly and cobbl» s,1:v1y loam to 87 inches. 

'J."be luarny-skeletal, mixed Psatnmentic Cryohoralfs are dee?, well 
dz-aiued soils. They formed in rhyolytic colluvium on mountain sideslopes. 
A typical p!:o':ile na:. grayish brown loam to cobbly loam to 30 inche::;, The 
Subs'olrface has brOv.ll to dark broHn sandy loam to cobbly sandy loar;] to tTlore 
thnn 70 i'i"tcile~. 

TJ Tranquilar-Jarmillo comElex; ' 3-107. slope 

This map unit is on old alluvial cmd lacustrine terrac,a position.:;. 
Slope is 3 to 10 percent. The native vegetation is mainly Arizona fescue, 
pine dz-opse8d, sedges, wheatgrass, and Junegrass. 

This unit is 50 percent Jarmillo silt loam and 50 percen:: Tranq rti1nr 
silt lo;;m. 

Tr.:).nquilar silt loam, a fine, mixed, frigid Typic Argialboll, is a 
deep, :node'cately well drained soil. It formet! in lacustrine on bench",s 

.in the w!.l1:=ys. A typical profile has very drak grayish brm-m silt loam 
to silty clay loam to 13 inches. The subsurface has dark brc,m to brmm 
clay and silty clay loam to 75 i nc hes . 
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Jarmillo silt loam, a fine-loamy, mixed Pachic Hap10borol1 t is a 
deep, I'lell drained soil. It formed in lacustrine on an old terrae.:! 
position. A typical profile has yery dark grayish bro,·m sil t loam to 
lc·a:n to 20 inches. The subsurface has brown and yellowish brown sandy 
clay lO::F:, and silty cla.y loam to a depth of 50 inches. The substratum 
is ye11o,vish bro,m sandy loam and grayish brown silty clay loam to a 
depth of 76 inches. 
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Thi5 co~plex is given a general rating of moderate-severe becaus~ of 
the drainage and low stahility. If the arec:s C::in not be avoided structures 
ms.y have to be made self suporting. 



INT!:P.PRETATIO~S 

Land use decisions are very involved and incorporate many aspects to 

de;:ive the best "land use". One aspect is land suitability or specifically 

soil suitability for a particular use. Too often th~ soil prop~rties ard 

not considered and projects proceed ignorant to the limitation of the land. 

Such projects fail and the cost to correct the limitation after the fact, 

may be saveral fold as compared to the cost of recognizing the problem in 

the planning stage. 

The in ::erpl';,! tatim"s in this s~c tlon are based on soil properties that 

reflect the soils suitability for an electrical transmission line. A great 

number of ;>ropi:!rties could b .. considered, hm;~ver those that aLe considered 

iwportant and potentially the most liniting were evaluated. 

Pt"oceciur.t:. The procedure used in this study basically involved using 

avnilable soil ~aps, interpr~tatlng the properties relative to the trans-

mission line and making reconnnendations. The soils inforMation in Sandoval 

County t·las obtained in part from personal visits to the study area and in 

part £:-om ,;oi1s l:\aps prepared by the Soil Conservation Service. t\'e are 

deeply grateful for the cooperation received fro~ Xr. LeRoy H. Hacker of the 

SCS, USDA. 

Soils information for Los Alamos County vIas obtained fro:::! m<::: "Soil 

SurVf!y of Los lamos County, Ne~. Hexico" (USDE, Nyhan, et al 1978). The 

following charscteristics were considered and the soils were given a slight, 

mode;:rate or severe rating as they might limit the transmission line. 

1. Ero.3ion. Erosion is the loss of soil from an area and generally 

has a fairly p~rTI'anent effect:. This aspect is c0nsi.':·~re(1 l'elati1le 

to the construction phase and to the long term phase where the line 

Ir..E!y b'2 re\risitec1 for ir:1Spl:=ction and maintain2.nC'.e. T:~e pr~sent 

ero3ion status was considered as opposed to the pote~tial erosion 
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In general erosion is minor in the study area and a fe,., isola:ed 

areas could be considered severe. In nearly all cases the erosion 

has been caused by misuse, the most common of ,.;hich resul t~ fro711 

roads or trails that have been establis~:ed in drainage-ways (see 

photo 1). Great care should be taken to avoid traffic along 

fall-lines and other activities that cause water to collect aDd 

concentrate into unnatural drainage-ways. 

~rosion categores 

slight - little or no observable soil moveClent, rills shallo~,' 

« ~") and fe,., (>10' apart), gullies uncoTrunon or nearly cOr.1pletely 

vegetated and no obvious pedestalling of plants or surface gravels. 

moderate - slight terracing and move7:lent of debris, rills Ir:oderate 

(~ - 3" deep) and common (5 - 10 feet apart ), gullies com::lon and 

50-90% of the gully slopes vegetated and some pedestalling of 

vegetation and gravels. 

severe - subsoil exposed, rills deep (3" - 6" deep) and many 

~5' apart), gullies numerous and vegetation on 50% or less of 

the gully slopes, pedestalling very obvious and many roots exposed. 

Hit~~tion 

Erosion is best controlled by not causing erosion. This is not 

always possible or erosion may be a problen and have to be 

corrected before the project begins. In the study a r ea ~ater 

spreading t echniques wi l l be of great value; ,.,ater bar s alon g 

r oads and revegetation t echniques will also r educe or correct 

eros ion . Some of t he wor s t consequences of e~osion a r e that 

erosion will becom~ so severe as to limi t acces s , cause a str~c -

ture to fnil and negatively affect grazing Dnd tirnb2r pote~tial. 

Int~rpretation for soil erosio~ is presented as rnap number 3 



16 

2. Soil~. DC'\pth of soil is conside-reci the deptb to ,.bich ha-rd 

bedrock is enco'.mtered. The po~.rer live structu-res at"~ placed in 

the soil and bedrock limits the placement of structures. In 

general the soils of the area are deep and placement of i:he struc-

tures is not a problem except in certain areas of Los Alamos 

County. 

Soil Depth Categories 

slight - soils having depths to bedrock greater than 60 inches. 

These soils may be gravelly (3" dia., 20-50%), very gravelly 

(3" dia. ~ 50-90% and cobbly (3-10; dia., 20-50%). 

moderate - soils having dept~ls to bedrock from 40-60". These 

suits r.1ay be very cobb1y (3"-10" dia., 50-90%) or stony (>10" dia., 

2C-50;O and very stony (>10" dia., 50-S0%). 

severe - soils having depths to bedrock less than 40tl. These are 

sha1lm-1 soil areas, Rubble Innd and Rock outcrop. 

Mitigation 

Little can be done to correct soil deptb, other than avoid the 

areas. In some instances with special equipment holes can be 

dug in the bedrock aT supported metal structures can be used. 

Interpretation for soil depth is presented as map number Y 

3. Soll Stability. The stability of a soil is a measure of hmV' well 

a structure will remain in place and up-right~ Soils are noted 

for slumping on steep slopes, slipping as mud-flm·,s, and !!lovement 

from ~.etting and drying. This last process in knotvn as shrink-

st-.'ell and can bE! predicted by knotVing the amount and kind of 

clays. Stability was determIned largely by the shrink-s~ell 

capacicy of the soils but also consideration to slu~?ing and ather 

for.:lS of gr3.velly related mov~ment. In general the ~ost severe 

The "<;:",:1"'""1:­
-""--'--.1 



stable and low shrink-sloTell wi th only a few exceptions. 

§tability categories 
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slight - soils with sandy textures (sand, loamy sand. and sandy 

loa~) and a COLE = <.03 (expansion-contraction less than ~%). 

moderate - soils with loamy and clayey textures and mixed minerals 

(silty clay, silty clay loam, clay loam, sandy clay loam, clay 

and sandy clay) and a COLE = .03 - .06. 

severe - soils with clayey textures with reontmorillinite clays 

(clay, clay loam, silty clay, silty clay loam) and a COLE = >. 06. 

Rubble-land is also included. 

Mitigation 

In most instances unstable land is best avoided. Fortunately the 

soils of the study a r ea a r e very stable with the excepti on of the 

bo ttom meadow soils and t he Rubble-land areas. One solution i n 

moderat~ shri nk-s~.,~ll soils is t o back-fill ,.nth gravelly material 

to reduc~ the forces of the expansion and contraction. In most 

cases there is no cheap way to stabilize a soil . Interpretation 

for soil stability is presented as lOOp number S 

4 . Draina~~. Soil drainage i s a characteris t ic of hm., well water 

dra i ns aWay from t he soil. I n poo:.:ly dr ained soils ~.,ater ma y 

remain a t or near the sur fac e f or many mont hs of the yea r . The 

main considerations are t he acces s t o t he sites and t he effec t of 

water- logging the structures. Wi t h only a fe,. exceptions nearly 

all of the soils i n the study area are well drained. 

Dra i nage categor ies 

sligh t - wel l dr ained , s ome\vhat excess i ve and excess i ve l y dr ained 

s oils - water logging is not a problem. 



moder.ate. - moderately \-lell drained soils. ~'later logging nay 

occur for short period of time. 

severe - somewhat poorly, poorly and very poorly draitted soils. 

Hater logging frequently occurs and may persist over half the time. 

Hitigation 

Drainage can be corrected by placing drain tiles in the soil if 

the water can be removed. Because the areas are lilUded it \-lould 

be best to avoid the poorly drained areas. Interpretation for 

so·t 1 d..:ainage is presented as map nUr:lber (. 

5. Corrosivity. Soil corrosivity is a characteristic of the effect 

scil lias all \-lood, steel, concrete and other materials. Corrosivity 

is in part a result of pH, \-later holding capacity and a2riation. 

The factors affecting corrosivity of wood structures is little 

kno\V!l and most data are availo.ble for steel and concrete. The 

soils of the study area vary greatly for the corrosivity of 

concrete and this characteristic has b~en used as an indicator of 

the possible problems. 

Corrosivity categories - "concrete" 

slight - soils having medium-coarse textures and pH's greater 

than 6.5, soils having medium-fine textures and pH's greater 

than 6.0. 

mod~rate - soils having medium-coarse t ex tures and pH's from 5.5 -

6.5, soil s having medium- fine t extures and pH' s f r om 5 . 0- 6 . 0 . 

seve re - s oils ha vi ng medi um-coarse tex tu r es and pH 's l e ss t han 

5.5, soils having medium-fi ne textures and pH's less than 5. 0 . 

Hit igatiC':.!:l. 

SolI ~H is very dIfficult to chan;e and thus the corrosivity 

rrc p e rt i. ~ s are diffic ul t t o c.lla nge. I t is recomr.l .:: r: s2d t >.:u t he 

18 
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structures be treated properly to resist the corrosivity of the 

soils or attempt to avoid the acid soils when possible. Inter-

p.-etntion of soil corrosivity is presented as map nlL'Uber 7 

6 . Runoff . Runoff is a determination of the flow of water over the ---- ...... 

surfnce. Runoff is affected by slope, infiltration, vegetative 

cover and the typ~ and intensity of precipitation. Generally as 

runoff increases erosion hazard is more severe and the possibility 

of hazards resulting from over-land f10\01 increases. The soils of 

the study area are very permeable and runoff is es!:imatcd to be a 

slight hazard for most soils. 

Runoff categories 

slight - slopes less than 15% and \yater f10\y patterr.s appear to 

direct \.;ater in a spreading pattern or flo~' p~ttern-' are no t 

. ( 
obvious. Some sLeeper slopes are included if the flo\v pat t erns 

are not obvious and surface tex tures are coarse-loamy. Er osion 

hazard is usually slight. 

moderate - slopes from 15-35% and some evidence of flow patterns. 

Erosion hazard is moderate and these soils can become a problem 

if misused but generally are easily managed. 

severe - slopes greater than 35% and obvious flow pa t tern. 

Eros i on may be severe and these so i l s usually require some protec-

tion because t hey na t ural ly have ver y r apid r unof f. 

Hit i gation 

In areas s ens itive to r unoff construc tion and ve hicle traffic 

should be careful no t t o start head- cuts a nd cause water t o 

collect. Water bars can be used al ong r oads and re vege ta t ion on 

disturbed arens. The very steep areas should be avoided ~len 

possible . Interpretation for runoff is presented as map number B. 
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7. Topsoil. An interpretation of topsoil sources is given to reflect 

the limit.:ltions of revegetation in disturbed construction .:n·l~as. 

In many areas topt>oil soil sources may not be necessary or they 

may be borrowed from good sources. Topsoil is vaguely defined 

but generally is the top-dress material used to support vege.tation 

in revegetation projects. 

Topsoil categories 

good - loamy textures (sandy loam, silt loam and loan) that are at 

least 16" deep; fe,v coarse fragments «3~O and on gentle slopes 

«8%). Another consideration is the subsoil properties that will 

remain after the topsoil is removed. 

fair - clayey textures (clay loam, sandy clay loam, silty clay 

loam, sandy clay) t.hat are 8-16" deep on 8-15% slopes and ha.ve 

3-·15% gravels. The.ra may be some problem of revegetation of the 

subsoil. 

poor - sandy or clayey textures (san~ loamy sand, clay, silty 

clay) and depths less than 8 inches with more than 15% gravels 

and steep slopes. 

Hi tiga tion_ 

The ~ain concern is having material available to revagetate the 

construction sites, roads or other forms of distnrbance. If the 

disturbance is minimal, then the need for topsoil will be a minimum. 

This aspect is not as some others and the need for topsoil will depend 

on the construction activities. Interpretation for ~opsoil is pre-

sented as map number q 

, 
\ i: 
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The interpretations of the sotl mapping units are tabulated in Table 

1 for Sa~doval County and Table 2 for Los Alamos County. 

Sandoval County - the interpretations in Table 1 are based on pp.rsonal 
;..~; 

obse1.vat.bn of the soils and material supplied by the Soil Conservation 

Service. Descriptions of the soils and mapping units are included in this 

report. The general ratings are explained for each mapping unit. 

l .. os Alamos County - the interpretations in Table 2 are based on soils 

information found in the "Soil Survey of Los Alamos County (USDE, 

Nyhan, et al, 1978). This report is included in the Appe:ndix of this 

report. The general ratings for each mapping unit are given in Table 2. 

Nitigation proczdures are similar for those giv::m for the Sandoval County 

mapp:tng units. 



1l. 
TABLE 1. Interpretacion of the Soil Mapp ing Uni ts of Sanlloval County. ~ew !'Iexico 

StabiUtl 
Shrink Top-

$c. ... : ~:,,; ~ ~ Map Unit Erosi.,n Oepth Swell Drainage soil Runoff Carro Generd 

L.aJara-Irim 
A:iS"':. 0-5% .10p~ LI moderate slight moderate severe fair slight slight severe 

,rangui1ar-Jarr~110 

'::olcp1ex 3-10% slope TJ slight slight severe moderate fair slight slight mod-severe 

Hcsp~ru~-S.tco 
Assoc. 3-l5% slope HS slight slight moderate slight fair slight slight slight-moderate 

Plvo-Eutraboralf 
AsS.lc. 3-UZ slope PE IIIOderate slight moderate slight fair .light slight .light-moderate 

G lv ssoboral i-Dys crochrept 
PlleboroU assolc. 13-35% 
slolpe GP moderate .light dight .light poor moderate .light slight-lIlOderate 

Gl".soboralf-Rubble 
AS$oc. >35% slope GL moderate moderate moderate slight poor moderate slight sHght-moderate 

Paleboro U-<: ryoboralf 
Assoc. 3-15% slope PC slight slight moderate slight fair slight severe moderate 

Cryoboralfs Assoc. 
15-35% slope CC sU~ht slight slight sUght poor sUght severe moderate 

'::ryobo ral f-Cryochrep t 
,-\ssoc. 15-35% slop .. CA slight dight sUght • light poor sUght severe moderate 

Cryobora 1 f-Cryochrept 
A.5:S..lc. >35% slope CS moderate .light sUght slight poor moderate severe moderate 

Glv:isoboralfs AS!i\)c. 

0-13% slope GG slight .light moderate slight fair .light slight slight 

Glos:5oboralfs Assoc. 
l5-3st slope GE slight slight moderate slight fair moderate .Ught slight-moderate 

Glos'<lboralf-Rubble 
A,sSO':a >35: ~lope GK slight moderace severe slight poor :noderace slight moderate-severe 

CryoDora1 f s-Rubble 
A.5:soc. >35% s1op.~ CT slight slight moderate .light poor moderate moderate ModtH8Cc 

Rubble lanu-Cryoboralf 
.-\SSIJC. >J5t :$t.:>pc! RC slight s~vere severe slight pilar moderate moderate severe 
Gl~s:i\lr~lts-1rs1borolt 
.\:f.::h}\o!. L~-JJ~ sl."j'~ ';A ~1.l.~ht :ilJ.~ht .Ught sUght poor moderate moderate ::.lighc:-moucrate 



TABLE 2. Interpretations of the Soil M.apping Units of Los Alamos Count y . New Hexlco 

Hap Vni t 

Ahrigo 1aom 

Arriba-Copal complex 

Arustead loam 

Cuervo gravelly loalll 
()-151 slope 

Cnjo loam 

CuervlJ gravelly loam 
16-':'Ol slope 

Frijole. vory fine 
5andy 108e 

Griegos C~bbly loalll 
16-.0% slope 

Griegos Cobb ly loam 
41-80% slope. 

Grie~os-Ro.:k outcrop 
compltex 

Hackroy sandy loalt 

Hac kroY-Ro ck ..:lut c rop 
c: amp 1 'I:! X 

K.ag£:-Pelddo-Rock 
outcrop · complex 

~y ja.:k loam 

Pueblo 5c.)ny loam 

P",sna f inc .i:andy loam 

Pdado oobbJy lo.m 

Que::azon-Arriba 
Ro..:~ ,)utcr.Jp ~ omp l ex 

Ku.::k outcrop- Pines ­
tc.ntrock :, olUpl i:x 

Rock outcrop f r igid 

Rock outcrop mesic 

Ro~k outcror-~olle­
painteJ cave complc!x 

Rock outcrop, steep 

Rabbi t-Tsankawi 
Rock outcrop coruplex 

Santa Klara-Annstll!ad 
compl~x 

Seaby loam 

Talus slopes, cryic 

Typic [utro borali 
dayey-.k<lHal 

Turkey-C3bra R..:l..:k 
o u::c rup complex 

Typi< Eutroboralf 
f ine- loamy 

Stabill ty 
Shrink 

Erosion Depth SWt:ll Drainage 

AB moderate slight moderate 

AC moderate moderate moderate 

AR moderate slight severe 

CL moderate moderate slight 

CR moderate severe moderate 

CS moderate moderate slight 

FR moderate slight slight 

GR moderate slight sUght 

GS seve re slight slight 

GT 8evere severe slight 

HA modera te severe sl1Cht 

HR severe severe slitht 

KW moderate slight slight 

NJ . 1giht moderate moderate 

PB moderate slight 

PG moderate severe 

PL ",oderate alight 

slight 

slight 

slight 

QU 1II0derate moderate slight 

R£ Inodc!ra te sevt!re 

RF C1oder.ate severe 

RH moderate severe 

RO ovJ ~ ra te severe 

RS severe severe 

RT moderate severe 

sUght 

slight 

slight 

slight 

slight 

sUght 

SC moderate moderate severe 

slight 

slight 

slight 

slight 

slight 

slight 

slight 

slight 

slight 

sUght 

slight 

slight 

slight 

slight 

slight 

slight 

slight 

sUght 

slight 

slight 

slight 

slight 

slight 

sUght 

slight 

SL muderate severe slight sUght 

TA slight severe severe slight 

TC ",oderate slight 1II0derate .light 

Tl :!Ioderate severe moderate slight 

'rL moderate slight moderate slight 

10.:a1 very fine :5sndy loam TO mode,rate severe moderate slight 

Typic Ustorthen ts­
R".:k outcrop .:omplex 

Typic Eu t ro :' l.>ralf , fine 

Totovi graVelly loamy 
:ianJ 

TR moderate moderate slight 

TS moderat e slight severe 

TV slight slight s light 

slight 

slight 

slight 

T~p-

soil Runoff 

good 

fair 

poor 

slgiht 

slight 

slight 

poor slight 

poor slight 

poor mooera te 

Corro 

slight 

slihSt 

sUght 

slight 

slight 

slight 

poor slight slight 

poor moderate slight 

poor lI'Ioderate slight 

poor moderate slight 

poor slight slighr 

poor moderate slight 

fair moderate slight 

fair slg1hr 

poor alight 

poor slighr 

poor slight 

poor .light 

sligh t 

sligh t 

sligh t 

slight 

poor Inoderate slight 

poor modeute slight 

poor modera t e slight 

poor moderate slight 

poor moderate sligh t 

poor slight 

poor slight 

poor slight 

poor slight 

poor slight 

paor slight 

fair slight 

poor 

poor 

poor 

poor 

slight 

slight 

slight 

slight 

slight 

slight 

slight 

slight 

moderate 

.light 

sUght 

.11 ght 

slight 

slight 

slight 

General 

s 11 ght-modera te 

moderate 

moderate-severe 

Ji~re 

oil" 
Rlo~~rate 

slight-modera t. 

moderate 

Inod~rate-severe 

severe 

severe 

sev~re 

511 ght-moderate 

mod e rate 

slight-modera te 

severe 

51 ight -madera t~ 

TUoderatt! 

severe 

severe 

severe 

seve re 

seve re 

severe 

modera te-sever~ 

severe 

severe 

slight-modera te 

severe 

sligh [-moderate 

severe 

moderate 

modera te-severe 

slight -madera t e 
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GEKERAL T:~TERPRETATfONS FOR EACH MAPPING UNI T. 

CA C l"yohora.lf -C ryochrept As sociation/_IS - 35% slope 

This soil association has moderate limitations relative to the use 
associated with the proposed transmission line. (Table 1). Cor rosivity 
is severe and the structures \ .... /i11 require protection. and the soils are 
poor sources of topsoil. Other interpretations have slight limitations. 

CC Cryobor!,-lfs Association, 15-.35% slope 

This soil association has moderattl limitations relative to the use 
associa.ted with th'~ proposed transmission line (Tilb1e 1). Th~ limitations 
are .. he same described ior mapping unit (CA). 

eT Cryo~o!"alf-R~bble land Associations, > 35% sl02.~ 

This soil association has moderate limitations relative- to the use 
as::lodated with th':?' proposed transrnission line (Table 1). Corrosivity l-:lay 
be a pl·oblE"m. \lnoderate rating), shrink-swC"ll 4'.ne! runoff are rated moderate. 
So~ls are PO?!" sources ot topsoil and other interpretations are rated slight. 
The ItEbble land in this association should be avoided • 

.Q~~ Gl~ssoboralf5-Argiboroll Association, 15-35% slo?es 

Thi1'i soil associatiun has .,;light-moderate limitati()ns relative to 
the '-18e associated with the proposed transmissio!l line Cfable 1). Corrosi'l'ity 
and run.:)££ are rated as having moderate limitations and the soils are poor 
SrJ:lrcas of topsoils. The other interpretations are rated slight. 

Th1:: association has slight-moderate limitations re12_tive to the use 
a;:;sociz1.ted with the proposed transmission line (Table 1). Rur .. off and 
shrL11.;:-·swell are rated as having moderate limitations - botb would. require 
some rlliti.gation. The other interpretations are rated slight • 

.s:lG Gl~~s(jb:Halfs Association, 0-15% slopes 

Thi. 5 ;'.$ soda tion h'-15 sli~ht limitations relative to the use as sodated 
'.vith the prop:)5~d tr2.nsmission line (Table 1). This association is rated 
as t.h(' m,)-;t suitable unit in the study area, 
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GH Glossoboralfs-Rubble land Associa.!ion :>35% slopt:s 

This soil association has moder;lte-severe limitations rela1ive ::0 
the use ?ssociated with the proposed transmission line (Table 1) J St;lbil­
ity is rated severe because of the rubble land and the clayey sout these 
areas should be avoided. Runoff and soil depth are rated as having mod­
erate limitations and topsoil sources are poor. The other interpreta,tions 
are r<.itcd'slight. 

GL Glo5soboralf-Rubb1e land association >35% slopes 

This soil association has slighi.-modej'ate limitations relative to the 
use a;;,::.ociated with the proposed transmission line {Table 1}. Stability 
is rat:;:c 1:'1 ode rate, however the Rubble land should be avoided. Erosion, 
and runoff will require some mitigation. In other respects the Glosso­
boral£s are sui table areas and are rated with slight limitations. 

GP G!ossoboralf-Dystrochrept-Paleboroll Association, 15-35% 
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This soil association has slight-moderate limitations relative to the 
use associated with the proposed transmission line (Table l). Erosion and 
runoff a.re rated having moderate limitations and mitigation will be required. 
Topsoil SO'.lrces are poor. The other interpretations arc rated slight. 

CS CT'yobora}f-Cryochrept Association, :>35% slope 

This association has m0derate l'irnitations relative to the use assoc------
iated with the proposed transmission line {Table I}. This association is 
rated the same as units (CA &: CC). Erosion will require mitigation in thes3 
units. 

HS He.sperl.ls-Seco Association, 3-15% slope 

This a,c::sociation has slight:~oder~te limitations relative to the ll!:'e 
a!:>soci.~~ted with the proposed transmission line (Table 1). Stability is rated 
moderate, otherVlise, the interpretn.tions are rated slight. 

LI La Jara-Irim Association, 0-5% slope 

, This association has severe limitations relative to the USE' asso:::iated 
with the pr,)po5cd transmission line (Table 1). Drainage is rated severe 
and these soils should be i'l.voided, Mitigation would not be economically 
feas) bIe, 



PC ~'.:}t~b~:::oJ.l-Cr)'oboralf i· .. ssodation, 3-15% sl~pes 

T~·,i.s associa.tion has moder.ate lirrlitations relative tG the use asso..::­

iated with the proposed transmission line (Table 1). Corrosivity is rated 
sevp.re :n the cryoboral£ 50ils and shonld be avoided or the :tr~lctures 
pr.otect.;:d. Stability is rated moderate and the other interpretations are 
rated slight. 

PE Pavo-EutraboraH Association, 3-15% sl02e~ 

Thi;; association has !.!i-ght-moderate limitations relative to the use 
associated with the proposed transmission line (Table 1). Erosion and 
stability (:l.re rated moderate and will require miti.gation. The other inter­
prctativns <lre .l·.?ted slight. 

RC Rubble 1anc'.-Cryobora1f.'5 Association, :>35% slope 

This association has severe limitations rcl~tive to the use associated 
with the j)l()p(.\ . ..;~d transmission line (Table 1). St3bility and (~epth are rated 
severt! for t!u:. Rubble land and these areas should be avoided. The Cryo­
boralis have nloderate limi tations with r.;:spect to corrosivity, and runoff. 

TJ Tl'anquilar-Jar.millo complex, 3-10% slope.s 

This complex has lTIoderate-severc limitations relative to the use 
assoc1C'.ted \\lith the proposed transmission line (Table 1). Drainage is 
rated moderate and could be mitigated but the stability is rat~d severe and 
should either be avoided or mitigated correctly. The: other interpreta.tions 
arc l"ated slight. 



· " 

Flg\'~Te 1 The Baca po!'tion of til\! study area. The g ra.:.::.·· 
land soils cire ratecl havine rnoc1erate to severe 
li.nl:~ations for the propuned tran,)n'lission line 
hel~:J.u~:e of low 5tahi lit)' ,me PO'.)T drainage. The 
fDl'~st soils a re gene rally rated havi.ng slight­
nwd{:l'ate 11mi tations. 
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Figure 2. Soi 1 e:L"osion in the Baca portion of the study 
area. Most of the erosio'1 (Jbs(~rved V.las 
caused by water being concentrilted along 
di sturbancc (roads) directed with the full 
linc. 





Fi gUT(;' 3 H\l0bl~~ land located in rll\:! B:-J. f ;8. pO!"li':'>!l of the: 
lcc"t.se. Tbese areas are very unstable. shallow 
and not suited for use associated with the t.rans­
mission line. TheRe areas shollld be avc·ideu. 
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Figure 4: Soil profile exposed by a road cut in the Daco 
portion of the study area. Soils are generally 
deep and the gravel and cobble content. vary 
greatly. This profile is typical of the loamy­
skeletal cryoboralfo and they are generally 
rated having slight limitations for use asso­
ciated with the transmission line. 
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APPENDIX 1 





CLASSlFICATIO~~: fine-loamy, mixed, Typic Argiboroll 
N. VEG.: ponderosa pine, Dougla~ fir, Arizona fescue 
PA.~ENT HAT:::::RI.A.L: rhyolytic colluvium 
PtifSIOGRAPHY: mountain sideslope 
RELIE?: linear-concave 
ELBV.\'.LION: 9,680' 
SLOPE: 
ASPECT: s 
EROSI0i~: 

DRAWAGE: 
GR. HATER: 

slight 
well 

deep 
MOISTURe: It:1ist 

PROFILE DESCRIPTION 

AI--O·-9"; Very dark brown (lOYR2/2) gra"v-elly loam; t:loderatc to 
strong coaT.se gnmular structure; friable, slightly sticky and slightly 
plastic; many fine and very fine roots; and fe\.: medium and coarse routs; 
n~utral; clear wavy boundary. 

A&B--9-17"; Very derk grnyish brown (lOYR3/2) gravelly sandy 
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clay Joarn; moderate medium and coarse subangl.lla!" bloeky structure; friable, 
slishtly sticky and slightly plastic; common fine and very fine and feH 
mediu;n ro.)ts; Clcutral; clear wavy bOHnd::a.'y. 

B21t--7-33"; Brm·m (lOYR4/3) gravelly sandy clay loam; lr.oderate 
coarS8 subllngllJar blocky structure; firm, slightly sticky and slightly 
plastic; cor~on fine and very fion rout3; common moderately thick clay 
films on the ped faces and in tha pores; neutral; gradual wavy boundary. 

B22t--33-60"; Yellowish bro\ffi (lOYR5/4) gravelly sandy clay loam; 
m0der~te medium subangular blocky structure; firm, sticky and plastic; 
many ruoderately thick clay films on ped faces and in pores; very strongly 
add. ' 



CLASSIFICATII)N: fine-loamy, mixed Typic Cryoboralf 
N. VEG.: Douglas fir, Engleman spruce, corkbark fir, wild oats, Timothy 

grass and wild strawberry 
PARE~l'r K,\TERIAL: mixed tuff and pumice 
PHYSIOC~'~IIT: ridge top 
RELIEF: linear 
ELEVATImT: 9,750' 
SHIPE: 4% 
ASPI;:CT: east 
EROSION: slight 
DRAIN \GE: ~vci 11 
CR. I·IATER: deep 

PROFILE DESCRIPTION 

A11--0-2"; Grayish brown (10YR5/2) sandy loa!:!, very dark grayish 
brm·m (lOYR3/2) mois t; weak fine subangular blocky parting to weak fine 
crumb structure; soft~ very friable, slgihtly sticky and slightly plastic; 
~any very fine and few medium roots; slightly acid (pH 0.4); abrupt sr.looth 
l:l')trndary. 

A2--2-8"; Light gray (lOYR7/2) gravelly sandy loam, grayish brmm 
(IOn:.5/2) moist; Heak moderate platy parting to 'veak moderate subangular 
blocky structur.e; soft, very friable, slightly sticky and slightly 
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plastic; many very fine and few medium roots; 5 percent cobble and 12 percent 
gravel; sligrtly acid (pH 6.4); clear wavy boundary. 

Bl--8-19 1t
; Hhite (lOYR8/2) very gravelly sandy loam, light brmmish 

gr!:l.y (lOYR6/2) moist; ~.Teak medium coarse subangular blocky structure; 
slightly hard, friable, slightly sticky and slightly plastic; common very 
fine and few mediu~ to coarse roots; silt coats on ped tops; 40 percent 
gravel; slightly acid (pH 6.4); clear ~:;aVj boundary . 

B2It--19-26"j pink (7.5YR8/4) extremely gravelly sandy, loam, brown 
(7.5YRS/4) moist; weak moderate subangular blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; fe"- very fine and medium 
roo t"s; felv moderately thick clay fllJ"I1S on top of coarse fragments; 60 per­
cent gravel; slightly acid (pH 6.4); gradual vlavy boundary. 

IIB22t--26- 32"; Light reddish brown (5YR6/3) sandy clay loam, 
yelln'vish red (5YR5/6) moist; ,·,eak coarse prismatic structure; hard, firm, 
sticky and plastic, felv very fine and medium roots; common moderately 
thick clay films on ped faces; 12 percent gravel; slightly aci~ (pH 6. 2); 
abrupt HBvy boundary . 

lIB23t--32-44"; Reddish yelloH (5YR6 /6) gravelly sandy loam, yellowish 
red (SYR4 /6) moist ; massive ~tructure; slightly hard, friable, slightly 
sticky and slightly plastic; felv very fine and mediu?il roots; clay flo\-iS 
on ro cks; 20 percent gravel; medium acid (pH 6.0); gradual wavy boundary. 

l IC1--44- 50"; Light reddish brmvt1 (5YR6/ t, ) gravelly sandy loam, 
reddish hrmm (SYR4/l,) moist; massive structure; slightly hard, friable, 
s light ly sticky and slightly plastic; clay flows on rocks ; 20 percent 
gravel; medium acid (pH6 . 0); gradual wavy boundary. 

, , 
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IIC2--50-59"; Light reddish brown (5YR6/4) e~;tremely gravelly sandy 
loam, reddish brmolo (5YR4/4) moist; massive structure; slightly hard, 
fri~ble, slightly sticky and slightly plastic; few v~ry fine roots; clay 
flo~·;s on rocks; 67 percent gravel; medium acid (pHS.6); gradual wavy 
boundary. 

IIIC3--59-83"; Reddish yellow (5YR7/8) extremely cobbly sandy clay 
loam, yellowish red (5YRS/8) moist; massive; hard, firm, sticky and 
plastic; clay flo~vs on rocks; 85 percent cobble ,.nth 10 percent stone; 
strongly acid (pH5.4); gradual wavy boundary. 
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IIICL.--83-88"; Reddish yellow (5YR7/8) e:ctremely' cobbly sandy clay 
loam, yellowish red (5YR5/8) moist; massive, hard, firm, sticky and plastic; 
70 percent cobble; strongly acid (pH5. 4); abrupt 'olavy boundary. 

IVCl--88-106"; Reddish brmm (5YR5/4) clay loam, reddish brmffi 
(5YR4/4) moist; massive; hard, firm, sticky and plastic; stro:lgly acid 
(pHS. 4); boundary unkno~·n (auger hole). 

IVC2--106-ll6"; Reddish brown (5YR5/4) clay loam, reddish brown 
(5YR.l.!4) moist; massive; hard, firm, sticky and plastic; medium acid 
(pH S.u). 



CLASSIFICATION: loamy-skeletal, mixed Typic Cryoboralf 
N. VEG.: Engleman spruce, aspen, Douglas fir, Arizona fescue, wild 

stravbe-ry and sedges 
PARENT ~fATERIAL: Tuff 
PHYSIOGRAPHY: mountain sides10pe 
RELIEF: 
SLOPE: 

linear 
19% 

ASPECT: S~V 

EROSrm,: slight 
DRAINAGE: ,.,ell 
GR. HATER: deep 

PROFILE DESCRIPTION 

AI--O-2"; Grayish brown (10YRS/2) sandy loam, very dark grayish 
bro,"m (lOYR3/2) moist; weak medium crumb structure; soft, very friable, 
slightly sticky and slightly plastic; Tr.3ny very fine and fe~., medium roots; 
slightly acid (pH6.4), clear smooth boundary. 

A21--2-7"; Light brownish gray (10l~6/2) sandy loam, dark grayish 
bl"Ot-m (IOYR4/2) moist; we.:.k medium platy partin:; to '"leak fine subangu1ar 
blocky stcucture; slightly hard, friable, slightly sticky and plastic; 
commo~ very fien and few medium roots; few thin silt coatings on ped 
faces; slightly acid (pH 6.0), clear smooth boundary. 

A2~·-7-15:; Light gray (10YR7/2) sandy loam, brown (IOYR5/3) moist; 
wP-ilk rrl~dium platy parting to weak fine subangu1ar blocky structure; 
slig~tly h':l!'d, friahle, slightly sticky and plastic; common very fina and 
fF.:"t-! medium roots; few" thin clay films on ped faces; one per~ent cobble; 
medium acid (pi{ 5.8), clear ''lavy boundary. 

BI--15-22"; Very pale bro,m (7.5YR7/4) sandy laom, brmvn (7.5YR5/4) 
moist; weak fine sub angular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; few fine and very fien roots; few 
thin clay films on ped faces; medium acid (pHS.8), clear wavy boundary. 

B2It--22-29"; Light gray (lOYR 7/2) sandy loam, bro'.;o (lOYR5/3) 
moist; weak fine and medium subangular blocky structure; slightly ~ticky 
<lnd slightly plastic; few very fine roots; corrnr.on moderately thick clay 
film,.; on ped faces; medium acid (pH 5.8), gradual ~"avy hounda.ry. 

IIB22t--29-38"; Light brown (7.5YR6/4) very gravelly coarse sandy 
loam, brm·m (7. 5YR4/4) moist; ''leak medium and coarse subangular blocky 
structure; slightly hard, friable, nonsticky and nooplastic; few fina 
medium and coarse roots; common moderately thick clay films on coarse 
fragments; 5 percent s t one , 10 pe rcent cobble, 20 percent gravel; 
medium acid (pH 5.8), diffuse ''lavy boundary . 

B23t- -38- 54"; Ligh t brown (7.5YR6/4) extremely gravelly coarse 
sandy loar.1, brown (7 .5YR4/4) moist; weak medium s 'Jbangular blocky struc­
t ure; slightly hard, fria hle, slightly sticky and sligllt1y plastic; few 
fiue and rnediu:<! roots; comm':>n moderately thick cl"y films on coarse 
fragm~nts; 15 percent stone, 5 percent cobble, sixty percent gra'le1; 
medium .::leid (pH 5.8 ) , di ffuse wavy boundary . 
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B31--5 4-71"; Light brown (7. 5YR6/4) extremel:; cob'Lly sa.ndy clay 
loa!:!, bro\Yn (7. 5YR4/Lf) moist; massi.ve; hard, firm, slightly sticky and 
slightlY plastic; fe,., medium roots; fe'., moderately thick clay films on 
coarse: fragments; 15 pej'cent stone, 25 percent cobble, and 30 percent 
gravel; m~dium acid (pH 5.8), diffuse wavy boundary. 

B32-=71-87"; Pink (7.5YR7/!.) extremely cobbly sandy clay loam, 
bn,on (705ltG/4) moist; massive; hard, firm, slightly sticky and plastic; 
15 percent stone, 25 percent cobble and 30 percent gravel; medium acid 
(pH 508), diffuse wavy boundary. 

Cl--87-97"; Reddish yellow (7.5YR6/6) extremely cohbly sandy clay 
laom, strong br0TNn (7.5YR4/6) moist; massive; hard, firm, sticky and 
plastic; 20 percent stone, 30 percent cobble, 20 percent gravel; ~edium 
acid (pH 5.8). 

.5 



SOIL TYPE: Psamm-=ntic: Cryoboralf; coanle-loamy, mixed 
CLASS IFICATIm~: coarse-loamy, mixE::!d 
N. VEG: Spruce, Aspen, Mt. Brome, Timothy, wheatgrass 
PA.RE}/T ~'!ATERL\'L: Pumice 
PHYSIOGR.<\.PHY: Houn tain sideslope 
RELIEF: conve:, 
ELEVATION: 9200' 
SLOP'S: 24% 
ASPECT: N.E. 
EROSION: 
DR,\TNAGE: 
GR. WATER: 
HO IS l'tJi:lE : 
LOCATION: 

slight to moderate 
well 

Deep 
bottom three layers 
northeast side of Cerro Media 

PROFILE DESCRIPTIQ}1 

01--2-0"; 

All--0-4"; Grayish brown (lOYR5/2) gravelly sandy loam, dark 
gr;.1.y.L!:sh brorN!1 (lOYR4/2) moist; w'eak fine: granular structure; slightly 
ha:::d, friable, slightly sticky and slightly plas tic; many fine and very 
fine roots; 25% fine gravel; neutral; clear smooth boundary. 

A12--4-11"; Light brownish gray (lOYR6/2) gravelly sandy loam, 
bnmn (lOYR5/3) moist; weak fine granular structure; slightly hard, 
fdablc, slightly sticky and slightly plastic; common fine and very 
fine roots; 20% gravel; medium acid; clear smooth boundary. 

A2--l1-23"; Light gray (10YR7/2) gravelly loamy sand, brown 
(10Y"RS/3) moist; ~ve:tk fine granular 5tructure; slightly hard, friable, 
nonsticky and nonplastic; common fine and very fine roots; 20% gravel; 
l1!ediu:n acid; gradual smouth boundary. 

B2t--23-5l!l; Pale brown (10YR6/3) gravelly sandy clay loam, 
dark yellm,.Ti3h brmvn (lOYR 4/4) moist; weak fine and medium subangular 
bloc!~y struc.tur?; hard, firm, slightly sticky and slightly plastic; 
few very fine and micro roots; 15% gravel; slightly acid. 

B2 t--:D-5l"; Very pale brmm (lOYR7/3) gravelly l"tght sandy 
loam, lig~t y?ll.owish brown (lOYR6/4) moist; massive; slightly hard, 
friable, nonsticky and nonplastic; few very fine and micro roots; 
15% gravel; slightly acid. 
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CLASSIFICATION: fine-Ic;{r:JY, mixed PS.lmIn2ntic Cryoboralf 
N. VEG.: Douglas fir, Engleman spru<.:c, Ponderosa pin~, aspen, c.ornmon 

juniper. orchm:d grass, Arizona fescue, hltlegrass 
PARENT ~l~T~RLAL: pumice and tuff 
PHYSI OGRAPHY: mountnin sideslcp~ 
RELIEF: lineC'.r 
SLOPE : 25% 
ASPECT : ESE 
EROSION: slight 
DRAINAGE: well 
GR . ~';ATER: deep 

PROFILE DESCRIPTION 

All--O-211; Dark grayish brown (lOYR4/2) 1aom, very dar~: brown 
(lOYR2/2) moist; 'leak fine crumb structure; soft. very friable, slgihtly 
s t icky and slightly plastic; many fine and very f i ne roo t s; neutral 
(pH 6.8); cl ~ar, smooth boundary. 

AI2--2-8"; Light brownish gray (IOYR6/2) loam, brown ( l OYR4/3) 
noist; weak fine subangular blocky structure; slightly hard, friable, 
slightly stid:y and slightly plastic; many fine roots; 1 percent gravel; 
slightly acid (pH 6.1), clee'lr smooth boundary. 

A21-- 8- l SI1
; Pale bro\YI1 (lOYR 6/3) loam, brmYl1 (lOYR4/3) moist; weak 

fine subangul&r blocky structu r e; slightly hard, friable , s ligh t l y sticky 
and slightl:; pl astic ; common f ine and coarse roots; 2 percent gravel; 
s l i ghtly acid (p~ 6.3), gradual smooth boundary. 
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A22--lS-2 211 ; Li gh t gray (lOYR7/ 2) gravelly loam, dark grayish bro\VIl 
( l OYR4/2) moi s t; weak fine subangular blocky structure ; hard, fim. s lightly 
s t icky and sligh t ly plastic; COTh~on fine and coarse roots; 15 p2rcent 
grav~ l; sl i ghtly acid (pH 6. 2); gradual smooth boundar y. 

BI--22- 28"; Hhi te (IOYR 8/1) clay loam, grayish brmVI1 (lOYRS/2) 
mois t; moderate fine subangular structure; har d, firm, slightly sticky and 
pl astic; common f i ne and coarse roots; two bands !z-~ inch thick ; t ,vo per­
cent cohble. 10 percent gr avel; slightly acid (pH 6 . 3); abrupt "vl a Y ), 

bourd . .:lry . 

B21 t-- 28-44" ; Hhite (IOYR 8/1) gr avelly sandy clay loa;" grayi.sh brcwn 
(I OY::<S / 2) moist; w,"ak medium subangular blocky str uc ture; hard , firm , 
sliglJtly s ticky and s lightJ y plas t ic; common f i ne and coarse r oots; bands 
!z-~2 _i. nch thick; te~~t ures and col ors are composi te of bands and 1'1a trix ; 
1 percent cohble. 15 percen t gravel; slightly acid (pH 6.1); gradual '.Javy 
boundary , 

IIB22t--!+4- S9"; l-!hite (lOYR8 / 2) very gravelly sandy loam, bro\-lTl 
(lOYRS/3) rno is ~ j massivt:; soft, friabl e slight ] y sticky and s l igh t ly 
p1e'lsti c ; f ew fine and coaTse roots; few moderately thick clay films on 
coarse fra~l~nt s : 3 percent cobble , 40 per cen t gravel; slight ly acid 
(pH 6. 2) ; gradual \,ravy boundary. 



IIB23---59-·67"; Light gray (lOYR7/2) extremely gravelly, sandy loam, 
broTNn (lOYR5/3) moist; massive; sfot, very friable, nonsticky and nun­
plastic; few fine and coarse roots; thick discontinuous clay films on 
coarse fragme:lts; 5 percent cobble, 65 percent gravel; sligh tly ac.id 
(pH 6.5); gradual ~.,avy boundary_ 

IIIB24t--67-83"; Light gray (lOYR7/2) sandy loam, grayish brown 
(lOYRS/2) moist; massive; soft, very friable, slightly sticky and slightly 
plastic; fe~ fine and coarse roots; heavy band in ~dddle of horizon, thick 
discontinuous clay films on coarse fragments; 2 percent cobble; neutr~l 
(pH 6.6); gradual ~'lavy boundary. 

IIIB25t--83-l06"; Light gray (lOYIU /2) ~raven v sand'! loam. brm-ln 
(lOYP.4/3) moist: massive: sliQ:htlv hard," friable, slightly sticky and 
slightly plastic; common moderately thick clay films; 1 percent cobhle, 
15 percent gravel; slightly acid (pH 6.5); gradual wavy boundary. 
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IIIB3--106-118"; Very pale brown (10YR7/3) gravelly clay loam, 
brmm (lOYR4/3) moist; massive; slightly hard, friable, sticky and plastic; 
1 percent cobble, 20 percent gravel; slightly acid (pH 6.4). 
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CLASSIFICATION: loamy- ::;keletal, mixed Psammentic Cryoboralf 
N. VEG . : Douglas fir, white pine, limber pine, aspen, Kentucky blue grC'.ss, 

mountain brome 
P:\l1ENT X\TERIAL: rhyolytic colluvium 
F:!YSIOGRAPHY: mountain sides lope 
f:.:~ LIEP : conve~: 

ELI:VATlON: 9,200' 
SLOPE: 52/, 
ASPECT : N 
EROSION: slight 
DRAINAGE: well 
GR. \.,rATER: deep 
MOISTURE: moist 

PROFILE DESCRIPTION 

All--0- 5"; Grayish brOlffi (10YR5/2) loam, very dark grayish brown 
(lOYRJ/2) mois t ; moderate fine and medium crumb structure; so~t, very 
friable, slightly sticky and slightly plastic; many fine and veyr fine 
roots; slightly acid; clear smooth boundary. 

Al2--5- n"; Light gray (10YR7/l) heavy sandy loam, grayish bro'Vm 
(10YR5/2) TJo i st; weak fjne and medium gr~nular structure; soft , very 
friable , s ligh t ly s ti cky and s l igh t ly plasti c; many fine and very fien 
r oo t s ; 25% s ton~s, 35% cobbles and 5% gravel; medium acid; clear smooth 
bouncIc:lry. 

A2- -11-3l" ; \Vhi te (lOYR8/2) sandy loam, pale brm-l!l (10YR6/3) 
~0is t; weak fine granula r s tructure; s li gh t l y hard, friable , sl i ghtly sticky 
and non pl as tic; many coarse . med i um and fine roots; 25% stones, 35% 
cobbles and 5% gravel; medium add ; clear smooth boundary. 

B21t--3l- 55"; (Banas) Pi nk (7.5YR7/4) sandy loam, bro\1iD (7.5YR5/4) 
moist; sandy loam; weak medium subangu1ar bl ocky structure; slightly hard, 
f ri able, sli ghtly sticky and slightly plastic; common medium roots; 40% 
co~bles, 10% stones, and 5% gr avel ; extremely acid; gradual smooth boundary; 
30% bands. 

B2l t - -3l-55"; (Ma trix) Pine (7 . 5YR8/4) l oamy sand, ligh t br own 
(7. 5YR6/ 4) moist; massive; so f t , loose , non st i cky and non plastic; commClll 
med ium r oo ts; 40% cobbles, 10% s tones and 5% grave l ; very strongly ac id; 
grad ual smooth boundary. 

B22t--.'>5- 71" ; (Bands ) Li gh t bro~ (7.5YR7/ 4) s.~ndy l oam , brown t o 
dark br o,m (7. 5YR4 /4) mois t; w'eak medium subangular blocky struct u!"e; 
slightly hard , f r iable, sli gh t ly s ti cky and slightly plastic; 50% cobbles and 
15% s t ones; extreme ly acid ; 40% bands . 

B22t--55- 71" ; Pinkish whi te (7. 5YR8/2) loamy sand, pink (7.5YR7 /4) 
moist; mD ~sive; soft, loose, non sticky nnd non pl as t i c ; 50% cohbles and 
15% s t une s; ffiedium acid . 



CU.5S IF I C.\1'I ON : fine-loamy, mixed Eu trL Glossoboralf 
N. VEG.: Douglas fir, blue spruce, Clspen, ~ .. hit~ fir 
rARENT ~1.-'l.T£RIAL: Rhyolytic colluvium and tuff 
PHYSIO ... ~RAPHY: Hountain sides lope 
RELIEF: convex 
ELEVATIo:,r: 9,240' 
SL.OPE: 25% 
ASPECT: NH 
EROSION: slight 
DRAINAGE: w€' 11 
GR. IJATER: deep 

PROFILE DESCRIPTION 
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AlI--0-7"; Light brownish gray (10Y6/2) loam, dark brown (7.SYR3/2) 
~oist; moderate coarse granular structure; friable, non sticky and slightly 
plastic; many fi~e, medium and coarse roots; clear wavy boundary. 

A12--7-l2"; Light brotvnish gray (lOYR6/2) loam, dark br.o~m (7.5YRJ/2) 
TIi·:.ist; l>/eak fina subangular blocky structure; friable, slightly sticky and 
slightly plastic; many fine, mzdiuIn and coarse roots; clear wavy boundary. 

A2--l2-24"; Light gray (lOYR7/2) sandy loam, brown (7.SYRS/2) moist; 
weak coarse Gubangular blocky and prismatic structure; friable, non sticky 
<.nd non plastic; nany fine and medium and common coarse roots; clear ~~avy 
bOI.mdary. 

IIB2lt--24-30"; Light brown (7.5YR6/4) gravelly sandy clay loam, 
brwon (7.SYR5/4) moist; ~~eak medium to thick platy parting to moderate 
fi!le and medium subangular blocky structure; firm to very firm, slightly 
sticky and slightly plastic; common fine and medium roots; many moderat~ly 
thick clay films on ped faces; clear wavy boundary. 

IIB22t--30- l fO"; Light brotvn (7.5YR6/4) gravelly sandy clay loam, 
brotvn (7.5YR5/4) moist; moderate medium to thick platy parting to moderate 
fine and medium sub angular blocky stru~tur.e; firm, slightly sticky and 
slightly plastic; common fine and medi~~ roots; many moderately thick clay 
filrr.s on ped fac.es; gradual ~~avy boundary. 

Ili323t- -40-51"; Pinkish gray (7. 5YR6/2-7 /2) gravelly sandy clay 
loam, pinkish gray (7.5YR6/2) moist; moderate medium to thick platy parting 
to rnod.::rate fine and medium subangular blocky structure; friable, slight 
stic~y and slightly plastic; comrr.on fine and medium roots; many moderately 
thick clay films on ped faces; gradual wavy boundary. 

IIIB24t--Sl-80"; Light brotm (7.5YR6/4) gravelly sandy loam , brmm 
(7 .SYRS/4) moist; weak coarse subangular blocky structure; friable, slightly 
sticky and slightly plastic; common fine and medium roots; many moderately 
thick clay films on ped faces. 

I 
i 

, I 
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CLASSIFICATION: loamy- skeletal, mixeu E~tric Glossoboralf 
N. VEG.: Douglas fir, ponderosa pine, limber pine, white fir, aspen, 

common juniper, spike muhly, pine dropseed, bottlebrush 
squirreltail, and mountain brome 

PARENT HATERIAL : tuff 
PWfSIOGr~pHY: mountain sideslope 
RELIEF : linear 
SLOPE: 35~~ 
,,\SPECT: 
EROSION : 
DR..4.INAGE: 

SE 
slight 
well 

GR. WATER: deep 

PROFILE DESCRIPTION 

AU- -O-3"; Grayish brown (IOYR5/2) sandy loam, very dark grayish 
brown (IOYR3/2) Yi'oist; weak fine crumb structure; loose, slightly sticky 
and slightly plastic; many very fine and fe .. medium roots; slightly acid 
(pH 6.2); clear sm00th boundary. 

A12- -3- 6"; Light brownish grey (lOYR6/2) sandy loam, d~rk grayish 
brown OOYR4/2) moist; weak fine crumb structure; soft, very friable, 
slightly sticky and slightJy plastic; mc~I!y coar·se and common very fine 
roots; slight ly acid (pH 6 . 2); clear wavy buundary . 
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A21- - 6- lJ"; Pinki sh gray (7 . 5YR7/2) sandy l oom, pinkish gray (7 . 4YR6/2) 
mois : ; ~eak ve~y fine subangular blocky and t~ak medium angular blocky 
str.::cture, par t ing t o weak f ine sub.angular blocky s t ructure; soft, ve ry 
friable. CO!!'.!1ion very fine and coarse roots; 3 percent cobhle and 3 percent 
grave l ; slightly acid (pH 6.2); gradual wavy boundary. 

A22--13-l8"; Pi nkish gray gravelly sanely loam, pinkish gray (l.5YR6/2) mQist; 
weak VE!ry f i ne crumb structure; soft, very friable, nonsticky and nonplastic; 
C-:>TilmOn medium and few very fine roots; 2 percent cobble and 30 percent gravel; 
slightly acid (pH 6.2); clear wavy boundary. 

A&B--lS- 25"; Pinkish gray (5YR7/2) gravelly sandy loatr., reddish brmvn 
(5YR5/J) mois t ; weak coarse platy parting to weak fine suhangular hlocky 
structure; hard , f i rm, slightly sticky and slightly plastic; com:;;on coarse 
nnd f ew ver y f ine r oot s ; 2 percent cobble and 15 percent gr avel; ho r izon 
has small lumps of "B" material that a r e light color ed on the o~tside 
(peril c> [)s d ("~grada tion); sli ghtly acid (pH 6 .2 ); abrupt wavy bO,upd ary . 

B2- - 25- 47" ; Pink (7 . 5YP7 / 4) sandy l oam, ligh t br mm (7 . 5YR6 / 4) 
moi s t ~.7ith I O-15- 25uun bands (sample No . S7S- t.'M- 43- l 0- 6a) ; dark ye l h " ,rish 
br own (1 0YM/f.) sandy clay l oam, dark- yellmvi sh br ol.,n ( lOYR3/ 4) moi s t ; 
massive; hard, finn ; s lightly sticky and sl i ghtly plasti.c; c("):mnon C08t'se 
and few very fi ne r oots ; 7 percen t gr avel; s lightly aci d (pH 6 . 2) ; abr upt 
Havy boundary. 

B3l--47-5!4" ; Ye ll cHv ( l OYR 7 / 6) gr;l.Velly sandy l oam, yellm.,is h brmvD 
(IOYR5/8) moist; massive; hard, firm, slightly sticky and sli~htly 
pJ.astic: fe~ of each fi ne, medium and coarse r oo t s; m0derately thick clay 
films of cuarse fragments; 30 percent gravel; medium acid (pH 6 . 0) ; 
gradu:11 i~avy bounuary. 



B32--54-74"; Light reddish °brolVt1, very gravelly sandy clay loam, 
reddish brown (5YR4/!:.) moist; massive; hard, firm, sticky and plastic; 
f~w moderately thick clay films on coarse fragm~nts; fine roots; few fine 
roots; 40 percent gravel and 10 percent cobbla; medi~u acid; gradual wavy 
boundary. 

B33--74-94"; Light reddish brmm extremely stony, sandy clay loam, 
reddish brc~m (jYR4/4) moist; massive; hard, firm, sticky and plastic; 
fe\-/ fine roots; thick clay films on top of coarse fragments; 40 perc<i!nt 
stones, 10 percent cobble, 40 percent gravel; mediu~ acid (pH 6.0). 

12 
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CLASSIFICATIO~: fine-loamy, mixed, Psa~mentic Glossoboralf 
N. VEG.: ponderosa pine, blue spruce, aspen, limber pine, Douglas fir 
P.tV::::-l'T 1-L<\TERIAL: tuff 
PHl'3IOGRAI'HY: !·iountain sideslope 
RELIEF: convex 
ELEVATION: 9,560' 
SLOPE: 40% 
ASPECT: SE 
EROSIO~: slight 
DR1\.n~AGE: well 
GR. HATER: ·deep 

PROFILE DESCRIPTION 

All--O-3"; very dark brotm (IOYR2/2) loat:1; moderate coarse granular 
structure; soft, friable, non sticky and slightly plastic; many fine and 
very fine roots <lnd common coarse and medium roots; neutral; a'v-:-upt wavy 
boundCi·ry. 

A12--3-11"; Dark grayish bro"tm (lOYR4/2) sandy loam; moderate very 
coarse granular and modeyate coarse subangular blocky structure; soft, 
friahlp., non sticky and slightly plastic.; TIlcmy fine and very fine, COTnIi10n 
rr.edicrn and f~w coarse root~; neutral; clear wavy boundary. 

A2--17-;:J"; Brotro (lOYR4/3-5! 3) sandy loam; t\Teak to moderate, 
coars€' subangular blocky structure; soft, friahle, non sticky and non plastir:; 
COIn.!Tlon mediu;.!, fine and very fine and few coarse roots; neutral; clear 
wavy boundary. 

B2It--23-43"; (Bnnds) Brmm (7. 5YR4/ 4) sandy clay loam; moderate 
mediu~ to coarSE! sl.1bangular blocky structure; slgihtly hard, firm, slightly 
sticky and slightly plastic; common fine and very fine and few coarsii' and 
medium roots; many moderately thick clay films on ped faces and in pores; 
neutral; bands range from ~ to I inch thick; abrupt wayy boun::ary. 

B2l t--23-43"; (Matrix) Bro\,?fl (7. 5YR5/ 3) loaMY sand to sandy loam; 
weak to modeTate medium to coarse subangular blocky structure; sfot. friable, 
non sticky and non plastic; cornmon fine and very fine roots and fev coarse 
and t:1~cl.it!!n roots; neutral; ahrupt wavy bou~dary. 

IIB22t--43-6 0" ; Bnvon (7.5YR 5/4) sandy clay loam; moderate very 
coars,= subengular blocky struc ture; hard,. firo, slightly stic:'o:y and s~igh tly 
pl.33tic.:; CO:rrr71on fine and very fine and fetv coarse and mediurll roots; many 
thick clay films on ped faces and in pores; neutral. 



SOIL TYPE: HesPerus 
CLASSIFICATIO::: Fine-loamy, mixed Typic Argiboroll 
N. VEG: Arizona fescue, wild oats, pine drop seed 
PARENT ~!ATERIAL lacustrine 
PHYSIOGRAPHY: terrace 
RELIEF : conve~( 

ELEVATION: 8500' 
SLOPE: 4% 
ASPECT: 
EROSION: 
DR.<\, INACE: 

N 
slight 
well 

deep 
mois t 

GR. \.,TATER: 
HOISTJHE: 

PROFILE DESCRIPTION 

All--O-7"; Dark grayish brown (lOYR4/2) silt loam, very dark 
gray (lOYR3/l) twist; weak fine subangular parting to ~.,eak fine crumb 
Atru~ture; soft, very friable, slightly sticky and plastic; many fine 
ilrt,j very fine roots; slightly acid; gradual smooth boundary. 

A12--7-lS " ; Grayish brown (lOYR5/2) silt loam, dark grayish 
b::.:)~Vtl (lOYR4/2) moist; ~·;eak fine ~mbangu1ar blocky structure; slightly 
hard, friabl~, siightly sticky and plastic; common fine roots; slightly 
acid; clear wavy boundary. 

B1t--15-24"; Very pale brown (IOYR7/3) sandy clay loam, 
;'ellm.;ish orOlVtl (lOYRS/4) moist; weak medium subangular blocky structure; 
slightly hard, friable, slightly sticky and slightly pbstic; fe~" thin 
patchy clay films and clay bridging; few fine and medium roots; slightly 
acid; gradual wavy boundary. 

IIB2L:.--24-33"; Pink (7.5YR7/4) sandy clay loam, brown (7.5YR5/4) 
moist; weak fine subangular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; few thin patchy clay films and clay 
bridging; few fine roots; slightly acid; gradual smooth boundary. 

IIB22c--33-43"; Pink (7.5YR7/ 1!) sandy clay loam, brci~vn (7.5YR5i/~) 
moi.::; t; n'ass i Vi:; slightly hanl., friable, slightly sticky and sligh tly 
plas~lc; fe-·/ '.:nin patchy cleoy bridges; neutral, g'Cadual smooth boundary. 

IIB3t--t~3-53"; Fink (7 .5YR7 /4) sandy loam, brmvn (7 .5YRS /4) 
moist; :nassive; hard, firm, sllghtly scicky and slightly plastic; fa~" 

clay bridges; neutral; clear smooth boundary. 

IIIC"i.--S3-63 " ; Light brown (7 . 5YR6/4) sandy cla y l oam , brmvn 
(7.5YR5/4) moist; massive; hard, firm , slightly sticky and slightly 
plastic; neutral ; ab r upt smooth boundary . 

IVCl- -63-70"; Light brmvn (7 . 5YR6 / 4 ) l oamy sand; brmm (7.SYRS/ 4) 
moist; r,lass i ve; s li gh t l y hard , fri able , sli ghtly sticky Cl. nd sligh tly 
p lastic; neutral; gradual wavy bo undary. 

IVC2--70-S7"; Light brmvn ( 7 . SYR6 / 4 ) loa,ny sand, bro~vn (7.5YRS/4) 
moist; massive; slightly hard, friable, slightly stic~y and slightly 
plastIc; neutral. 
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SOIL TIPE: Ir 1m 
~:~;SSIrICAITO~: loamy-skeletal, mi~ed. frigid Typic haplaquoll 
N. VEG.: grasses and sedges 
P~ENT }~TERIAL: alluvium and lacustrine 
PHYSIOGRAPHY: depressions 
RELIEF: concave 
SLOPE: 1% 
DRAINAGE: poor 
GR. WATER: less than 1 foot 

PROFILE DESCRIPTION 

0l··-1-01l; Undecomposed organic material, mostly grass remains and 
roots. 

Alg--O-lllI; Dark gray (lOYR4/31) loam, black (lOYR2/1) moist; 
COT:lmOll medium distinct yello'\vlsh br.own (lOYR5/6) moist mott13s; soft, very 
friable, slightly sticky, slightly pla.stic; 10 percent gravel; neutral; 
gradu;~.J. wavy :.,ound.:;.ry. (6 to 23 inches thick) 

R2g--11-60 1l ; Grayish bro\'1n (lOYR5/2) very gravelly 10a::1, dark 
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grayis!' brvym (lOYl{4/2) moist; common medium prominnet li;;ht olive bro~m 
(2.5Y5/6) and dark gray (2.5Y4/1) mottles; week subangular blocky structure; 
slight:ly hard, <Jery friable, slightly sticky, slightly plastic; mildly 
alkaljna. 



SOIL TYPE: Jar~illo silt loam 
Ck~SSIFICATION: Pachic Haploboroll; fine-laomy, mixed 
N. VEG.: Arizona fescue, Pine dropseed, sedges 
PARE~-:T ~!ATERIAL: Lacustrine 
PHY:';IOGRAPHY: Terriice 
RELIEF: convt!x 
ELEVATION: 8400' 
SLOPE: t~% 

ASPECT: E 
EROSION: 
DRAINAGE: 
GR. {vATER: 
HOISTURE: 

none 
well 

deep 
moist 

PROFILE DESCRIPTION 

A11--0-4"; Dark grayish brown (YR4/2) silt loam, ber; dark 
broY!i1 (lOYR2/2) moist; weak fine subangular blocky parting to weak fine 
crtr;.lb structure, slightly hard, friable, slightly sticky and slightly 
plasti.c; many fine, corn.1TIon very fine and few medium roots; slightly 
acid; clear smooth boundary. 

A12--4-13"; Dark grayish bro~vn (lOYR4/2) loam, very dark brown 
(lOYR2/2) moist; ~veak medium subanguliir blocky structure; sli.ghtly 
hard, friable, slightly sticky and slightly plastic; common fine and 
fe~v med .tum roo ts; slightly acid; clear smoo th boundary. 

A3--13-20"; Light brow""Ilish gray (lOyr6/2) loam, very dark 
grdyish brow'n (lOYR3/2) moist; weak fine subangular blocky structure; 
slightly hard, friable; slightly sticky and slightly plastic; fe~v very 
fin"! roots; neutt'al; gradual wavy boundary. 

B2lt--20-36"; Very pale brown (lOYR7/3) fine sandy clay loam, 
bro,vn (lOYR4/3) moist; weak fine subangular blocky structure; slightly 
hard, firm, slightly sticky and slightly plastic; few fine roots; clay 
bands (12) ranging from 1-5 rom; neutral; gr~dual wavy boundary. 

IIB22t--36-4l"; Light ye110vish brown (10YR6/4) light fine 
sandy clay loam; yellm.,ish brmm (10YR5/4) mQist; massive; slightly 
hard, firm, slightly sticky and slightly plastic; fe~v very fine roots; 
clay bands (5) ranging from 2-5nun; neutral; abrupt ~.;avy boundary. 

IIB3t--41-51"; tfuite (2. 5Y8/2) silty clay loam, light yellmYish 
brm.,Tl1 (2.5Y6/4) moist; ,.,eak coarse prismatic structure; hard, firm, 
slightly sticky and plastic; common fine roots at ped faces; common 
thick clay flOt.Js on pcd faces; neutral, abrupt ~.,avy boundary. 

1VCl--5l-67"; ~Thite (2.5Y8/2) light sandy loam, light yello,.,i.sh 
brow""Il (2.5Y6/4) moist; massive; hard, firm, slightly sticky and slightly 
plastic; neutral; clear ,vavy boundary. 

VC2--67-76"; Light gray (2.5Y7/2) very gravelly (47Z) silty 
clny lao;" grayish bro,vu (2.5Y5/2) moist; massive; hard. firm, sti.cky 
and plastic; neutral; abrupt wavy boundary. 
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SOIL TYTE: La Jara 
CLASSIFICATIO:~: fine, mixed Typic ArgiaJ.boll 
~. VEG.: sedges, Junegrass, iris, Arizona fescue 
PARENT }L~TERIAL: alluvium 
PHYSIOGRAPHY: alluvial floodplain 
RELIEF: concav= 
E1.EVATION: 8,500' 
SLOPE: 0-1% 
EROSION: 
DRAINAGE: 
GR. t.JATER: 
}lOISTURE: 

gullies 
somewhat pOOe 

42 inches 
moist 

PROFILE DESCRIPTION 

AI--O-9"; Grayish brown (lOYR5/2) light silt. loam, very dark 
brm .. n (10YR2/Z) moist; weak medium subangular blocky structure; slightly 
hard, friable sti.cky and plastic; many fine and very fine roots; 
slightly acid; abcupt smooth boundary. 

A2--9-J1"; Gray to light gr."ly (10YR6/l) silt loam, very dark 
gri'!.y (1.0YR3/1) moist; weak thin platy st:::-ucture; slightly hare, firm, 
slightly sticky and slightly plastic; common fine and very fine roots; 
nentral, abrupt smooth boundary. 

B21t--ll-17"~ Da'rk gray (10YR4/1) light clay, very dark gray 
(10YR3/1) moist; moderate medium prismatic parting to weak medium sub­
angular blocky structure; very hard, very firm, very sticky and very 
plastic; co~n0n fine roots; thick continuous clay films on ped faces and 
in pores; n~utral; clear smooth boundary. 

B3t--17-21"; Grayish bro~m (lOYR5/2) heavy clay loam; dark 
gray (lOYR4/l) moist; weak medium subangular blocky structure; very 
hard. very firm, veLY sticky and very plastic; feH fine roots; common 
thin clay films on ped faces; neutral; clear smooth boundary. 

IICl--2l-42"; Light brownish gray (10YR6/Z) light sandy clay 
loar.l, dark grayish brown (10YR4/Z) moist; massive; sticky and plastic; 
few fine roots; 15% gra·.rel; neutral; gradual smooth boundary. 

IIC2--42-60"; Grayish brown (2.5Y5/2) very gravelly sandy 
loarr., dark grayis:l brown (2. 5Y4/2) moist; massive; non sticky and non 
plastic; 40% gravel; neutral. 
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SOlL TYPE: 
CLASSIFICATIO~: Typic Paleboralf, loamy-skeletal, ml:\:ed 
N. VEG: Ponderosa Pine, Douglas Fir, ~1hite Fir, Oak, Locust 
PARENT HATERIAL: Rhyolyte 
PHYSIOGRAPHY: Nountain side 
RELIEF: convex 
ELEVATION: 9150' 
SLOPE: 58% 
ASPECT: S 
EROSION: slight 
PER!-fEABILIl'Y: Moderate to rapid 
DRAINAGE: 
GR. ~JATER: 

HOISTURE: 
LOCATION: 

well 
Deep 

moist 
South side Ceno Seco 

PROFILE DESCRIPTION 

All--0-2"; Dark gray (IOYR4/1) sandy loam, very dark gray 
(lOYR3/1) moist; moderate fine and medium crumb structure; soft, very 
friable, non sticky and non plastic; many fine and very fine and common 
11lcc1ium roots; 30% st:.mes, 7% cobbles and 3% gravel; neutral; abrupt 
cmo0th boundary. 

A12--2-8"; Light brownish gray (IOYR6/2) light sandy loam, 
dark grayish brown (IOYR4/2) moist; moderate fine and medium crumb 
structure; soft. very friable, non sticky and non plastic, many fine 
and very fine and common medium roots; 20% stones, 40% cobbles and 10% 
gravel; lleutr<.~l; clear ~vavy boundary. 

A2--8-30 tl
; Light gray (10YR7/2) light sandy loam, bro<:1n 

(J OYR5!3) moist; \veak fine crumb structure; soft, very friable? non 
sticky and non plastic; few coarse, many medium and common fine roots; 
35% stones, 30% cobbles and 5% gravels; neutral; gradual wavy boundary. 

B2lt--30-5l"; (Bands) Light brown (7.5YR6/4) heavy sandy loam,' 
bro':-7n to darl~ brown (7.5YR4/4) moist; weak fine subangular blocky struc­
ture,: slighi:ly hard, friable, slightly sticky and slightly plastic; 
few Medium and fine roots; 20% stones, 30% cobbles and 5% gravel; neutral; 
abrupt: \ya'lY houndary l·1ith matrix of horizon. 

B21 t--30-51"; (matrix) Pink (7. 5YR7 / 4) sandy loam, brot;.m 
(7.5YR5/4) moist; weak fine granular and crumb structure; soft, very 
fria!;!::!, non sticky and non plastic; few n1E:dium and fe\v fine roots; 
20% stones, 30% cobbles and 5% gravel; n02utral; gradual wavy boundary. 
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B22t--51-60"+; Light brOlm (7. SYR6/4) sandy clay loam, bem·lQ to dark 
brown (7.5YR4/4) moist; weak mediu:-l subangular blocky structure; 
slightly hard, friable, slightly sticky and slightly plastic; 15% stones, 
25% cobhles and 5% gravel; n~utral. 
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SOIL TYPE: Pavo 
CTASSIFICATION: fine-loamy, mixed Cryic Paleboroll 
N. VEG: Arizona fescue, spike muhly, pine dropseed, \..rildoats 
P.A..P.ENT NATERIAL: Tuff (pumice) 
P YSIOGF.APlri: mountain s5.deslopes and foot.slopes 
RELIEP: convex 
ELEVATION: 8,700' 
SLOPE: 4% 
ASPECT: NNE 
EROSION: slight 
DRAINAGE: well 
GR. HATER: deep 

PROFILE DESCRIPTION 

All--0-9 11
; Grayish brown (lOYR5/2) loam, very dark grayish brotm 

(lOYR3/2) motst; ~..reak medium granular structure; soft, very friable. 
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s1i.ghtly sticky and slightly plastic; many fine and very fine roots; slightly 
acicl; clear wavy boundary. 

A12--9-12"; Light brm..rnish gray (lOYR8/2) sandy 108m, clark grayish 
brown (10YR4/2) moist; weak coarse subangular blocky structure; soft, 
very i:.h:·)le. 51131'.i:1y sticky and slig!ltly plastic; common very fine roots; 
5% cobb).as a"1d .5% sravels; neutral; clear wa'ry l>oundary. 

A2--J 2-21"; White (lOYR8/2) sandy loam, brown (lOYRS/3) moist; 
weak fine 1'1u'0angular blocky structure grad:ing to single grain; soft, very 
friobl~~, non sticky and non plastic; few fine roots; 15% gravel; neutral; 
clear ,·;avy buundary. 

Bl--2l-351t
; (Bands) Yellowish brmm (lOYR5/4) light sandy clay 

loan!, d~!.·k y.::llm·dsh brown (7.5YR4/4) moist; weak fine subangular blocky 
strUl;ture; sligl~tly hard, friable, slightly sticky and slightly plastic; 
5% gravel; neutral; bands range from ~_~" in thickness; clear wavy 
bOl:ndary. 

Bl--2l-35"; (Hatrix) I-mite (lOYR8/2) sandy loam, bro\vn (lOYRS/3) 
moist; weak fine subangular blocky structure; slightly hard, friable, 
non sticky and slightly plastic; 5% gravel; neutral; clear wa,ry bour,dary. 

B21t--35-45"; (Bands) Yello't..ri.sh hro\vn (10YTI.5/4) sandy clay loam. 
brO\,/tl (lOYR4.3) moist; ','eak medium subangular blocky structure; hard. 
friabll?, slightly sticky and slightly plastic; 5% gravel; neutral; 5m~ of 
the horizon is banJs; clear SI:looth boundary. 

B21t--35-45"; (Matrix) '-ihite (lOYR8!2) fine sandy loaen, brOim 
(10YR5/3) moist; weak medium subangular blocky structure; soft. very friable. 
non sticky and non plastic; 5% gravel; neutral; clear smooth boundary. 

B22t---45-S0", "Rrmm (7.5YR5/4) very gravelly clay loam, bro'.-ffi 

(7.5YR4/4) ~oist; weak fine subangular blocky structure: hard, frialbe, 
sticky and plastic: 40% fine gravel; slightly acid: clear smo~th b0undilry. 

B23t--50-60"; Very pale brotvn (lOYR7/2) he.:lvy sandy loa;;;, dark 
10·'~sJ, hrm,m onYK4/4) mois t; Heal( C0Clrse Rubangular blor::1~y strue tUTe; 

hard, fTia~lu, slightly sricky and sl,ightly plastic; 5% cobblu~ and lO~ 

gravel; neutra.1. 



SOIL TYPE: Seco 
CLASSIFICATION: loamy-skeletal, mixed Typic Paleboroll 
N. V~C: wild oats, Arizona fescue, Thurbers fescue 
PAI(E:;or HATERIAL: Ryolite colluvium 
PHYSIOGRAPHY: toe slope 
RELI!.::l-': convex 
ELEVATION: 8,750' 
SLOPE: 7% 
ASPECT: ENE 
EROSION: slight 
DK.UNAGE: "ell 
GR. l.;rATER: deep 
l-h)lST'tJRE: moist 

PROFILE DESCRIPTION 
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All--O-9"; Dark grayish brotYn (lOYR4/2) silt loam, black (lOYR2/l) 
moist; ,-leak fine granular structure; soft, friable, slightly sticky and 
slightly plastic; many fine and very fine roots; slightly acid; clear 
smooth boundary. 

A12--9-15"; Grayish bro,Yn (lOYR5/2) silt loam, very dark brotYn 
(J.OYR?/Z) moist; mod<..!rate coarse granular structure; soft, friable, 
slightly sticky aud slightly plastic; many fine and very fine roots; 
slightly acid; clear smooth boundary. 

Blt--15-26"; Very pale brown (IOYR8/3) gravelly loam, brown 
to dark brotYn (IOYR4/3) moist; weak medium subangular blocky structure; 
sLight.ly hard, firm, slightly sticky and slightly plastic; few fine and 
very fine roots; few thin clay films on ped faces; 10% cobbles and 20% 
gravel; slightly acid; gradual smooth boundary. 

B2lt--26-34"; Very pale brmro (10YR7/3) very gravelly light 
fil,e scmdy clay loam, bro,Yn to dark bn10n (lOYR4/3) moist; \veak medium 
slloangular blocky structure; slightly hard, firm, slightly sticky and 
slightly plastic; few fine and very fine roots; co~uon moderately thick 
clay films on ped faces; 10% cobbles and 50% grave; slightly acid; 
gradual smooth boundary. 

B22t--34-60"; Very pale bro~"n (IOYR7/3) extremely cobbly he.'l\'Y 
clay loam mixed with light brown (7 .5YR6/4), brown to dark broNn (lOYR4/3) 
and bro~m to dark brm\ID (7.5YR4/!.) moist; ~'7eak medium subangular blocky 
structure; hard, firm sticky and plastic; thick continuous clay films on 
ped faces and in pores; 40% cobbles and 30% gravel; slightly acid. 

I 
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SOi.L TYPE: Tranqui.lar 
CLASSInCATIO~: fine, mixed, frigid Typic Argialboll 
N. VEG.: Arizona fescue, ' ·lheat grass, June grass, pille dropsi!ed 
PARE(iT K·HERIAL: lacustrine 
PHYSIOGRAPHY: valley bench 
REL!l:F: convex 
ELEVATION: 8,450' 
SLOPE: 2% 

. ASPECT: W-l 
DRAINAGE: 
CR. HATER: 

moderate well 
deep 

PROFILE DESCRIPTION 
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All--O-4"; Dark grayish bro\va (lOYR4/2) silty clay loam, v::.ry 
dark grayish brotvn (lOYR3/2) moist; weak very fine f>ubangular hlocky stru(C­
ture; soft, very friable, sticky and pla3tic; many fine and very fine 
roots; slightly acid; clear smooth boundary. 

A12--4-8"; Dark grayish brown (lOYM/2) silty clay loam, vcry 
dark grayish brown (JOll{.1/2) moist; Heak fine subangular blocky sLructure; 
slightly hard, friRble, stl.cky and plastic; common ve.ry fine roots and few 
Tnicro roots; slightly acid; c:.E:a .... - smooth boundary. 

A21--8-1l"; Grayish bro~m (IOYR512) silty clay lO<J:!!, very dark 
grayir.h b1-nwf' (lOYR3/2) m0::'.-:;'~; we:l!, fine subangular blocky structure; 
slighdy haeC., friable, sticky and plastic; few very fine roots; slightly 
acid: a~rupt smooth boundary. 

A2l--11-J.3'·; Light grGy (lOYR? 12) silt loam red faces a:1o light 
brownlEh gray (JOYR6/2) ped interiors, dark grayish brown (lOYR4/2) Moist 
ped f"lces and very dark grayish brOivtl (IOYR3/2) moist ped i.nteriort~; 

veak thin 'Platy parting to m:>dp.rate fine subangular blocky structure; 
sli.ghtly haLd , fria ble, sticky and plastic; few very fine roots; mediUi:l 
acid: abrupt smooth boundary. 

B21--13-20"; Very dark grayish browLl (lOYR3/2) clay ped faces 3nd 
brrHvn (lOYR513) pe d interiors, ver.y dark bro\lln (lOYR2/2) moist ped fac:es and 
dark Lr olro (lOYR3/3) moist p~d interiors; strong medium pris~atic parting 
to strc;]g coarse angular blocky structure; very hA.rd, very fiTI'"!, very 
stic-l~y and very plasUc; fe\·, very fine and micro roots; fe,v thin clay 
fjJ:::s un ped faces; stro!lgly acid; gradual wavy boundary. 

B22t--20-34"; Dark grayish brovn (lOYR4/2) clay ped faces and n·ry 
pale br0\.,rn (IOYP.7/3) ped interiors, very da rk grayish bnlOll (lOYR3/2) mois t 
ped f~·:;es and brmm (10YR4 /J) moist ped interiors; strong medium prIsmatic 
pnrting to strong medium angular blocky structure; very hard, very firm. 
very sticky and very plastic; few very fine roots; continuous nod2rately 
thick cl.ay films on ped faces;· very strongly acid; gradual wavy hound~ry. 
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lranquilar (~Qnt'd) 

.B23t--34-42"; tight yellm·7:lsh brow'a (lOYR6/4) clay, dark grayish 
bror.m (l.O'rT,4/4) moist, common fine prominant yellowish r~d (5YR5/6) mottles, 
yeL!.<J'(olj.sh red (5YR4/6) moist; strong coarse prismatic parting to strong 
fiae ond medi:.:.r:l ang'.ll'lr blocky structure: very hard. "ery firr.l. very 
stJ.(::<Y and '\i".:!rv pl.::tstic: few very fine and micro roots: moderately thick 
cor> t.inuous clav f.ilI!ls on pad feces: very strou~l y acid: gradual ~vavy 
bottnc!a.ry. 

B24t--42-50": Light gray (2. 5Y7/2) clay. light bl:otm.ish gray 
(2.W6/2) :noist, co;r.:non fine prominant reddish yello\v (7.5YR6/6) mottles, 
strong brm·m (7.5YR5/6) moist; moderate coarse prismatic parting to moderate 
fine and medium angular blocky structure; very hard, very firm, very sticky 
LUtd Vf:!xy pla5tic~ few' very fine and micro roots: continuous moderately 
thL:.k clay fUms on ped faces; very strongly acid; g.cadual r.vavy boaI1da ry. 

B25t--50-65"; Light gray (2. 5Y7 /2) clay loar:l, Hght brmlnish gr:'y 
(2.5Y6/2) moist, common fine prominant reddish yellow (7.5YR6/8) mottles, 
yell(lf..lish red (5YR4/6) moist; r:loderate coarse prismatic parting to moderate 
fine and medium angular blocky structure; slightly hard, firm, slightly 
sticky and slightly plastic; fer.v very fine and micro roots; continuous 
moderately thi~k clay films on ped faces; very strongly acid; gradual wavy 
boundary. 
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SOIL SURVEY OF LOS ALAMOS COUNTY, NEW MEXICO 

by 

J. W. Nyhan 
L. W. Hacker 
T . E. Calhoun 
D. L. Young 

ABSTRACT 

An intensive soil survey of about 79% of the 280 000 000 m2 of Los Alamos 
County has been made to identify the kinds of soils in the area, where they 
are located and how they can best be used. A soil survey map is included, 
with detailed soils information presented in the report. Past and present 
land use in the Los Alamos area is discussed and general information about 
soils and their formation is evaluated, including the regional soil formation 
factors of geologic parent materials, climate, living organisms, topography, 
and time. 

The soils of the area are classified according to the current system of soil 
classification and de!lcribed in detail . The relationship of soil formation to 
classification is discussed and the current soil classification system is ex­
plained. General and detailed descriptions are given for each of the 61 soil 
mapping units, and include information on soil color, texture, structure, 
consistence, clay films , coarse and fine fragment distributions, per­
meability, depth, hydrologic properties, pores, pH, and soil horizon boun­
daries. Soil mapping units are also described relative to their specific soil 
formation factors. The use and management of these soils for engineering 
and recreational purposes are also considered. 

1. INTRODUCTION 

Information on t he capabili ty of soils for their numerous present and potential uses is essential 
for planning the best possible use of Los Alamos County land and water resources , Soils informa· 
tion can be applied in managing land for conservation. wildlife habitat. urban planning and for 
recreational , agricultural, and military uses. For example, a detailed soils data base can be used 
in selecting sites for local buiidings, sanitary facilities. roads, ponds. and other structures, and 
for locating suitable source materials for roadfill , sand. gravel. and topsoiL Soils information is 
also needed in the radioecological and stable element research performed at the Los Alamos 
Scientific Laboratory (LASL) by t he Environmental Studies Group and' for environmental 
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research relevant to the Los Alamos National Environmental Research Park. The possibilities of 
selecting poorly-suited soils for many of the above-mentioned purposes are continually increas­
ing and the cost of mistakes, both in money and unhappiness, could be substantial. Many of 
these problems can be overcome if the kinds, distribution, and usefulness of local soils are 
known, and these are the end products of this soil survey. 

II. HOW THIS SOIL SURVEY WAS MADE AND HOW TO USE IT 

The purpose of this survey was to identify the kinds of soil in Los Alamos County (Fig. I), 
where they are located, and how th~y can be used. Soil scientists initially went into the area in 
1973 knowing they would likely find many soils they had never seen and perhaps some they had 
previously encountered. They observed the steepness, length, and shape of slopes, the size of 
watersheds, the kinds of native plants and rocks, and many facts about the soils. Numerous pits 
and holes were dug to expose soil profiles, which were compared with profiles in nearby and more 
distant areas. 

Each soil type was delineated on aerial photographs. Two sets of aerial photos were used for 
the LASL-Soil Conservation Service survey. These were provided by Koogle and Pouls Engineer. 
ing, Inc. from photos taken in 1965 and consisted of a set of 23 X 23 cm photos used for initial 
mapping in the field (mapping scale: 1: 12672 or 5 in./mi) and four semicontrolled aerial mosaic 
photos used for publication (mapping scale: 1: i5 840 or 4 in./mi). The field mapping for the 
Forest Service soil survey was done on a set of Army Map Service photos made in 1954 (mapping 
scale: 1: 63 360 or 1 in./mi). The results of both soil surveys were combined to produce the soils 
map, which is at the back of this publication and has a mapping scale of 1: 15840 (5 in./mi) . The 
soils were also classified and named according to nationwide uniform procedures originally set 
up by the National Cooperative Soil Survey in 19601 and updated in 19712 and 19733 (see Chapter 
V for additional information). 

The soils of the Los Alamos area are shown on the detailed soil map at the back of this publica­
tion. This map consists of many sheets made from aerial photographs; each sheet is numbered to 
correspond with a number on the Index to Map Sheets, which precedes the soil map. Soil areas 
are outlined and are identified by symbols on this map. All areas marked with the same symbol 
are the same kind of soil but may also contain small areas of other kinds of soils included in the 
mapping unit. The soil symbol is usually placed inside the area if there is enough room; 
otherwise, it is outside and a pointer shows where the symbol belongs. 

After determining what kind of soil exists in an area of interest, additional information on the 
properties. uses, and management of the soils is provided in Chapters \11 and VII. 

III. LAJ.~ USE IN THE LOS ALAMOS AREA 

The agricultural use of soils predates recorded history and has its roots in the Agricultural 
Revolution, which started some 9000 years ago when man began growing his own crops rather 
than gathering his food. Although early nomadic wanderings of Indians may have occurred near 
Los Alamos in this time period (around B.C. 2500), it wasn ' t until the early 1300s that the 
Keresans and Tewa-speaking people came to the Los Alamos area from the Four Corners 
region ."! Drought and soil depletion were partially responsible for this migration and also played 
a part in the Tewa 's move in 1350 from loca l mesa tops to nearby canyon floors and along the Rio 
Grande. By the late 1600s, more overused farm land was abandoned and the Indians grew cot­
ton, com , beans, and squash near the Rio Grande and other areas having permanent water. 

By the late 1880s, local land areas were used for year· round habitation, which rapidly in­
creased with the coming of the Denver and Rio Grande Railroad. Great numbers of individua l 
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failures among settlers during the push westward stimulated early attempts at soil studies in or­
der to better utilize the various kinds of soils in the west . The Los Alamos Homestead Era started 
in 1894 with the establishment of a small subsistence farm in Los Alamos, where beans, grain, 
and fruit were grown, largely under dryland conditions: In 1911. H. H. Brook, a graduate of the 
Illinois College of Agriculture, filed for the Alamo Ranch homestead, which eventually reached a 
size of 600 acres and produced alfalfa, sorghum, wheat, and train loads of pinto beans.s By 1952, 
there were 35 farm tracts in the County, spread out over a total of 3600 acres. A portion of this 
farm land around Los Alamos Canyon is shown as it was in 1935 in Fig. 2. 

As time progressed, the use of the land around Los Alamos has become more diversified. Lum­
bering was the foremost industry of the early 1900s, as evidenced by the lumber yard at the 
railroad station town of Buckman (NE of White Rock), which was kept well-supplied by H. S. 
Buckman's lumber mills in the Jemez Mountains and on the mesa tops. Ashley Pond II set up a 
dude ranch in 1914 on the Ramon Vigil Grant and then bought out Brook's interests in Los 
Alamos, establishing the Los Alamos Ranch. This ranch and the Baca Location in the Valle 
Grande were responsible for the major cattle- and sheep-raising activities in the area.· 

In 1942, the Federal government purchased most of what is now Los Alamos County for use in 
developing the world's first atomic fission weapon. In 1946, the McMahon Atomic Energy Act 
was passed, which established a national policy of maintaining U. S. preeminence in the field of 
atomic energy, and the newly created Atomic Energy Commission (AEC) took control of the 
LASL in 1947. The AEC jurisdiction included operation of the Los Alamos community, 
providing government housing, schools, a commercial center, and other support facilities , as well 
as Laboratory facilities . The Los Alamos townsite was declared an "open city" in 1957; many 
security restrictions were lifted and land around White Rock, Pajarito Acres , and Barranca Mesa 
was developed as residential areas. The small business and service operations have currently in­
creased, and the LASL is the major employer in Los Alamos County and in North Central New 
Mexico, and as such, will probably continue to have a large impact on land use in the area. 

The many past and potential uses of land in Los Alamos County emphasize the importance of 
understanding the extent and properties of local soils and their soil forming factors. Both the fac· 
tors of soil formation and the soil profile concept are discussed in the following chapter to provide 
a basis for understanding the soils information presented in the remainder of this report . 

IV. THE SOIL AND ITS FORMATION 

Soil is sometimes defined as the natural medium for plant growth. or as the loose surface 
material of the earth in which plants grow. Soil is more complex than these simple definitions in­
dicate, i.e., the "loose surface material of the earth" contains many different kinds of soil. which 
vary in their abili ty to provide nutrients, air, water, and anchorage for plants. The soil. a collec­
tive term, consists of a large number of soil individuals. A soil or soil individual is a member of a 
cont inuum that mantles the surface of the earth except where in terrupted by water, shift ing 
sand, salt deposits. perpetual ice and snow, and steep, rocky. or mountainous areas. Each soi l has 
a unique combination of characteristics, but each soil also has characterist ics common to all 
soils. 

All soils consist of solid materials and pore space. Soil solids are composed of organic matter 
and mineral matter. The organic portion of the soil includes plants and animals. living and in 
various stages of decay . The mineral matter consists of particles of various sizes such as sand. 
silt , and clay that have formed through the physical and chem ical breakdown of rocks and 
minerals. The soil pores contain the gas (air) and liquid (water ) phases of the soil. The three 
phases - solid, liquid and gas - are present in all soils. However. the amount. kind. and size of 
organic matter, mineral particles. and pore space for air and water are not uniform in all soils or 
even within a soil. 



Fig. 2. 
Aerial photograph of Los A lamos townsite taken in 1935 showing extensive farming ac­
tiL'ities , Ashley Pond (center of photograph) and Los Alamos Canyon (major can,yon befoLL' 

Ashley Pond), 
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A. The Factors of Soil Formation 

The properties that characterize a soil are due to the influence of a particular combination of 
the five soil formation factors of parent material, climate, living organisms, topography, or relief, 
and time (Fig. 3). 

These factors work interdependently in producing a particular soil. Differences or similarities 
between soils are due to differences or similarities in the influence of the interrelated soil forming 
factors. Each factor modifies, and is modified by, the other soil-forming factors. For example, 
topography modifies the effects of rainfall - a climatic factor. The release of plant food 
nutrients from soil minerals, originating in the soil parent material, depends upon climate and 
time. Thus, the effect of living organisms, such as growing plants on soil formation, is influenced 
by time, climate, and soil parent materials. Variations in soil properties can be interpreted and 
explained only through consideration of the interrelated influences of the factors of soil forma­
tion. 

1. Parent Material. The initial step in the development of a soil profile is the formation of 
soil parent material, which provides a soil with a mineral skeleton, consisting of unconsolidated 
and partly decayed rocks. Most soils are formed from the weathering of bedrock in place, but 
many soils in the Los Alamos area formed from material that was transported from the site of the 
parent rock and redeposited at a new location. Ice, water, wind, and gravity are transporting 
agencies, which may act independently or in combination with two or more agencies. Wind and 
water were the significant agents, in transporting and redepositing the parent materials from 
which Los Alamos soils developed. 

The principal parent materials of about 95% of Los Alamos soils are Bandelier Tuff (the tan­
colored rock outcrops in the foreground of the photograph on the cover), volcanic rocks of the 
Tschicoma and Puye Formations, the basaltic rocks of Chino Mesa and the remnants of the El 
Cajete pumice (which is contained in portions of the previously named mapping units listed in 
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Table I). The remaining 5% formed from colluvium, alluvium, andesitic rocks of the Paliza Can­
yon Formation, Cerro Rubio Quartz Latites, and tuffs and associated sediments of Cerro Toledo 
Rhyolite (Table 1). 

Almost all of the parent materials of Los Alamos soils were formed millions of years ago during 
periods of volcanic activity.T.I The Rio Grande Depression began to form as a result of local 
downfaulting over 20 million years ago and was followed by accumulations of rocks of the Santa 
Fe Group, the Tesuque Formation, as fill in the depression (Fig. 4). The andesitic rocks of the 
Paliza Canyon Formation represent effusions of numerous coalesced composite volcanoes that 
occurred 8.5-9.1 million years ago in the southwestern portion of the county. The next sequence 
of volcanic activity in the county took place along faults at or near the western boundary of the 
Rio Grande Depression when the flow rocks of the Jemez Mountains volcanic pile, the 
Tschicoma Formation, were erupted from volcanic feeders. The Puye Formation was then 
deposited as an alluvial fan from the Tschicoma Formation during a period of erosion. The 
basaltic lavas of Chino Mesa subsequently erupted from volcanic centers in the Cerros del Rio 
area and flowed northwest into the White Rock-Pajarito Acres area (Fig. 1). 

TABLE I 

DISTRIBtJTION OF GEOLOGIC SURFACE MATERIALS IN LOS ALAMOS COUNTY 

Percentage of the Area 
of the County 

. Geologic Map Unit Occupied by Mapping Unit 

Bandelier Tuff 
Tshirege Member 58.6 
Otowi Member 4.83 

Tschicoma Formation 22.4 

Puye Formation 4.44 

Basaltic Rocks of 
Chino Mesa 5.31 

Tuffs and Associated 
Sediments of Cerro 
Toledo Rhyolite 1.86 

Landslide and Fan 
Deposits 1.66 

Cerro Rubio Quartz 
Latites 0.690 

Andesitic Rocks of Pal iza 
Canyon Formation 0.140 

Tesuque Formation of 
Santa Fe Group O.DiD 
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In mid-Pleistocene time, local volcanism was climaxed by two gigantic pyroclastic outbursts 
that deposited nearly 418 km3 (100 mi3

) of rhyolite ash and pumice,7 Rhyolitic magma worked up­
ward under the Toldeo Caldera area about 1.4 million years ago until they were exposed to the at­
mosphere , at which the Guaje pumice was ejected into the atmosphere. The remaining magma 
shot out great volumes of the Otowi Member of the Bandelier Tuff, which swept down the flanks 
of the volcanic pile as a granular pumice flow. Subsequent collapse of the crater occurred and a 
portion of the viscous , volatile-poor magma was extruded to form the Cerro Toledo Rhyolite 
domes. and subsequently, the Cerro Rubio Quartz Latite and Latite domes. About 0.:3 million 
years later , rhyolitic magma worked upward under the Valles Caldera area (west of Los Alamos 
County) and ejected small amounts of Tsankawi pumice into the atmosphere. followed by several 
ash flows in rapid succession, which produced the Tshirege Member of the Bandelier Tuff. A few 
eruptions of minor magnitude followed the Tshirege flows and produced a small amount of ash­
fall pumice deposition on top of the Bandelier Tuff. Final volcanic activity in the Los Alamos 
area occurred 42 000 yr ago in the form of a mantle-bedded, air-fall deposit of rhyolite pumice. 
the El Cajete Member of the Valles Rhyolite. s 

Faulting and erosion of the geologic materials found in the County have continued to influence 
the soils of the County. The Pajarito Fault Zone, which extends in a northerly direction west of 
Los Alamos (Fig. 4) , is the major local fault with a maximum surface displacement of 120 m. 
Although some of the faulting in the Los Alamos area predates the deposition of the Bandelier 
Tuff,IO faul ting has resulted in the displacement of soil , which was subsequently subjected to 
water erosion. The erosion processes that were responsible for cutting the canyons in the area oc­
curred mainly during t he lat ter part of the Pleistocene Epoch, but continue to date. 

2. Climate. Climate bot h directly and indirectly influences soil development. Direct effects 
include t he influence of t emperature and precipit ation upon the weathering of rocks and 
minerals , i.e., high temperatures encourage rapid weathering because the speed of chemical 
reactions increases as t emperature increases. Wind, important in soil transport , is a climatic fac­
tor that influences the soil directly through its impact on erosion and leaching losses . Climate 
plays an indirect role in soil formation through its effect upon plant growth and adaptation . 
Thus, climatic variat ion between areas was important in determining the location of the broad 
soil areas of the world . 

Although the climate near the Rio Grande is an arid continental climate, the rest of the 
County has a semiarid continental mount ain climate.l1

,12 The annual precipitation pattern 
throughout t he County reflects t he 1524-m elevation gradient from the southern portion of the 
County near the Rio Grande to the high mountains in the northwestern sections of the County. 
Although no' climatological data exist for t he Rio Grande a rea in Los Alamos County. 
specifically, the Espanola weather station, a t an elevat ion of 1 i 05 m , approximates t his climate 
with a total annual precipitation of 24 cm (Table lI). 12 Proceeding up the elevation gradient. the 
White Rock (1944 m ) and t he Los Alamos (2259 m) sta t ions received 34 and 49 em of mean an­
nual precipitat ion (Table Il) , whereas the high mountain areas in t he County (3139 m ) probably 
receive about 90 em of precipitation annually. More than two-thirds of the yearly moisture fall s 
during the months of May through October , and rainfall activity peaks in August. Most of the 
winter precipitation falls as snow, with 12i cm descending during an average winter and as much 
as 15 em often fa lling in u :!i-h period . . 

The overall seasonal temperature variations are similar throughout the County, t he hottest 
and coldest months occuring in July and January , respect ively (Table TIl . Although the annual 

mean temperature of the three weather stations in' Table II increased with decreasing ele\'ation. 
the White Rock station exhibited the largest mean monthly temperature variation (- :2:2 to ;3.", ' C). 
The growing season in Los Alamos is approxin~ately 5 months long. lasting from :'lay 6 I R\'erage 
date of last freezing temperature) to October 16 (ayerage date of first freeze) . 
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TABLE II 

CLIMATOLOGICAL DATA FOR LOS ALAMOS, WHITE ROCK AND ESPANOLA 

Wealher 
Month 

Clim.wloKitol Po,am_ StatioD Joa Feb Mal' Apr May June Jub' Au, Sepl Oel No. Dee 

~lr.n ~1 .. imulII LosAI.moo' 12 13 18 21 26 31 31 29 'rI 22 16 12 
T.m""nlurt ('C) Whit. Huck' U 16 20 24 29 34 J5 33 30 27 20 U 

E,p.~"lo' 7.2 11 IS 20 25 31 32 31 28 22 IS 8.3 

~tf8n ~tinimum Lo. Alam",' -18 -14 -12 -6.1 -1 .1 5.0 10. 8.9 1.7 -5.6 -10 -IS 
T.ml><IIIUrt I'C) Whit. Hock' -22 -15 -13 -6.1 -2.2 3.9 8.3 i.8 0.1>6 -6.7 -13 -20 

EIopellola' -II -7.2 -3.9 1.1 5.0 9.4 13. 12- 7.2 0.1>6 -6.1 -9.4 

Mean Precipitation LooAlamoo' 1.24 1.65 2.77 1.50 2.54 3.89 \0.2 10.9 S.84 3.63 1.45 3.28 
Toto'" (em) Whit. Rock' 0.64 0.6\ 0.61 0.81 3.03 3.81 5.82 9.36 4.39 2.59 0.99 

Eapallola' 1.37 1.04 1.'rI 1.96 2.38 1.75 3.63 4.01 1.91 2.62 1.04 

'Average values for the years 1965 through 1974. according to climatological records of the Atmospheric Science Section 
of LASL Group H-8. 
"Average values for the years 1913 through 1960, according to Eschen." 
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3, Living Organisms, In addition to mineral matter provided by parent material, soils also 
include organic matter - living organisms (plants and animals) or the remains of living 
organisms. Living organisms perform two chief functions in soil development. They are the 
source of soil organic matter and, in the case of deep-rooted plants, . they help bring plant 
nutrients up from lower depths. The organic matter may be stored in the A horizon and will, 
upon decomposition, release nutrients for plant use. 

Seven major overstory vegetation types were identified throughout the 1500-m elevation 
gradient in the County (Fig. 5).13 These were, from east to west, the .Juniper of the Upper 
Sonoran Life Zone, the Pinon-Juniper, Ponderosa PinelPinon-.Juniper, and Ponderosa Pine-Fir 
of the Transition Life Zone, and the Fir and Fir-Aspen of the Canadian Life Zone. A non­
forested , shrub-grass-forb component occurs primarily within the Upper Sonoran and Transition 
Life Zones. A variety of habitats is created by the east-west orientation of the mesa-canyon 
ecosystems: north-facing slopes support biota of the next higher Life Zone and' south-facing 
slopes contain representatives of the next lower Life Zone (see foreground of photograph on 
cover); wide canyon floors contain biota of both Life Zones. The current list of understory vegeta­
tion types contains 164 plant species of 36 families, reflecting the diversity of the plant com­
munities in the area. 

Microorganisms also play important roles in soil development. They are a source of organic 
matter, aid in decomposing organic matter, combine free nitrogen into forms that can be used 
by plants, and aid il! the release of nitrogen and other organic stored nutrients for use by plants. 

~lan, through his use of the soil, also influences soil development in ways that may either 
improve, maintain, or permanently decrease soil productivity. 

4, Topography, Topography refers to the lay of the land, from very steep to nearly level or 
somewhere in between. The primary influence of topography on soil development is its effect on 
drainage, runoff, and erosion, and consequently is an important factor in determining the pat­
tern and distribution of the soils of a landscape. The aspect or direction a slope faces is an impor­
tant secondary influence of topography. For example. south-facing slopes normally are warmer 
and drier than north· facing slopes. This has an important effect on the kind and amount of 
vegetation that grows in an area, as discussed previously. 

Much of Los Alamos County is located on the Pajarito Plateau, which occupies the eastern 
flank of the Jemez Mountains in north-central New Mexico. The Plateau occupies abou t 47% of 
the land area of the County from 2073-23ii m (Table III. Fig. 6). with the Jemez Mountains oc­
cupying about 32% of the land area above 237i m (see background of photograph on cover), 

l.iU 
1.19 

Year 

22 
2~ 

21 

-404 
-6.1 

1.1 
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34.3 
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TABLE III 

ESTIMATED PERCENTAGES OF LOS ALAMOS COUNTY LAND AREA 
IN VARIOUS ELEVATION CLASSES 

Elevation 
Class (m) 

1615 - 1768 
1768 - 1920 
1920 - 2073 
2073 - 2225 
2225 - 2377 
2377 - 2530 
2530 - 2682 
2682 - 2835 
2835 - 2987 
2987 - 3139 

Per Cent of 
County Land Area 

1.86 
2.80 

17.4 
27.9 
19.5 
9.63 
8.11 
6.13 
5.57 
1.10 

Many portions of the Plateau have been deeply eroded by runoff. resulting in a series of mesas 
separated by canyons, many of which are several hundred feet deep (see photogr~ph on cover). 
:\-Iost of the canyons contain intermittent streams, which now during the rainy season (Fig. 6). 
Frijoles Creek, located on the southern border of the County, and the Rio Grande, located along 
the eastern border of the County are the only permanent natural streams in the area. 

Topography may be characterized by the gradient (degree or per cent of slope), length. shape. 
aspect, and uniformity of the slopes that make up a particular landscape. Although each of these 
slope characteristics is important, the topography of Los Alamos is most frequently expressed in 
terms of slope gradient or per cent of slope. Four slope gradient classes and the per cent of the Los 
Alamos land area represented by each are presented in Table IV. 

Individual slope gradient classes occur in extensive areas through several portions of the 
County. The 20% or greater slope class, comprising about 54% of the County land area. occurs 
extensively in the mountainous regions of the County, in areas with steep canyon sideslopes, and 
along the Rio Grande. Similarly, many portions of the broad mesa tops and canyon floors have 
slope gradients of 0-5%. More frequently, however. two or more slope gradient classes occur 
within an an area the size of White Rock. for example. which has mostly 0-5% slopes, but also 5-
10%. and 10·20% slope classes. Areas with a wide range in slope gradient. such as found in the 
northeastern section of the County, generally represent a more complex topography than areas 
with a narrow range of gradient. In addition, the pattern of the various topographic areas in dif· 
ferent sections of the County is an indication of the complexity of the topography. 

Topography is important in determining the pattern of occurrence of soil types within dif­
ferent areas of the County. This pattern is closely related to topography because of topographic 
influences on drainage. erosion. climate, and plant growth. Soil suitability for various uses is also 
closely related to topography. 

5. Time. The amount of t ime necessary for the various processes of soil formation to take 
place may vary from a few days to thousands of years . In general. when other factors are 
favorab le. as soils continue to weather over a long period of time. the subsoi l texture becomes 
finer and the soils are more leached of soluble materials. However. soils formed from materials 
resistant to weathering , such as quartz sand. do not change much with time . S oils f)ccurr ing on 
\'ery steep topography, where runoff is high and water infiltration is low. weather more slowly 
than soils on Ie:>!> :>teep topogra phy. 

. } 

i 
.' , 



LEGEND: 
ELEVATION (m) - 1615-1768 

c:::J 1768-1920 - 1920-2073 

[>t,~:;J 2073-2225 , - 2225-2377 

I .. 2377-2530 
N 

~ 
c::J 2530-2682 .' .. , 

c:J 2682-2835 

c::J 2835-2987 

c:J 2987 - 3139 

o I 2 :; 4 5 ( km ) 

Fig, 6, 
Topography and intermittent streams of Los A lamos County, 
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TABLE IV 

ESTIMATED PERCENTAGES OF LOS ALAMOS COUNTY 
LAND AREA IN VARIOUS SLOPE CLASSES 

Slope Class 
(%) 

0-5 
5 - 10 

10 - 20 
+20 

Per Cent of 
County Land Area 

19.9 
12.1 
14.4 
53.6 

Variations in ages of geologic deposits were discussed in the section on parent materials of Los 
Alamos County soils, and are summarized in Table V.' Most of the geologic historical data 
presented in Table V represent the results of potassium-argon dating of rocks. The potassium­
largon clock makes use of the fact that .oK in a mineral decays to 4°Ar, which is subsequently trap­
ped in the rock and can only escape if the mineral is melted. recrystallized, or heated to several 
hundred degrees Celsius. Although 4°K is constantly decaying, a silicate melt (such as occurred 
during the lava flows discussed in the parent materials section) usually will not retain the 4°Ar 
that is produced. Thus, the potassium-argon clock is not set until the mineral solidifies and cools 
sufficiently to allow the 4°Ar to accumulate in the mineral lattice. This cooling process usually 
takes place within a few months or a few years in lava flows. 

These geologic materials range in age from more than 20 million years to less than 42 000 years. 
Many of the older deposits were covered by later sediments laid down by wind or water. The ex­
isting landscape has been influenced by geologic erosion between cycles of volcanic activity in 
the area, as well as by fault activity. The canyons on the Pajarito Plateau have been eroding at 
rates as fast as 0.024 cm/yr and as slow as 0.0022 cm/yr, according to Purtymun and Kennedy. 14 
The youngest landscapes are thus in the alluvial areas in the canyons and in wide, stable 
landscapes containing EI Cajete pumice deposits. The oldest undisturbed landscapes occur in 
the southeastern portion of the county where the Paliza Canyon Formation was deposited, 
although the landscapes underlaid by the Tschicoma Formation occupy · a larger percentage of 
the land a~ea. The oldest undisturbed landscapes are not found on the Rio Grande where the 
Tesuque Formation is found, because these landscapes were buried for many years after the Ban­
delier Tuff filled the current Rio Grande Gorge adjacent to Los Alamos County. 

B. The Soil Profile 

A soil consists of one or more layers called horizons. A soil horizon is a layer of soil material, . 
approximately parallel to the earth's surface, with individual characteristics resulting from the 
influence of living organisms, climatic factors, and the mineral matter from which the horizon 
has developed. The horizons of a soil occur in a sequence from the surface down to a depth of 
several feet, each horizon differing from those above or below it in one or more soil properties. Ex­
amples of these soil properties are thickness. color, texture (re lative proportion of different sizes 
of mineral particles), structure (arrangement of mineral particles into clusters or pedsl. and con­
sistence (the mutual attraction of soil particles, which is expressed as resistance to change in 
shape by crushing). 

, 
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TABLE V 

GEOLOGIC HISTORY OF LOS ALAMOS COUNTY 

Geologic Mapping 
Unit 

Tesuque Formation of 
Santa Fe Group 

Andesitic Rocks of 
Paliza Canyon Formation 

Tschicoma Formation and 
Puye Formation 

Basaltic Rocks of 
Chino Mesa 

Guaje Pumice and 
Otowi Member of 
Bandelier Tuff; 
Cerro Toledo Rhyolite 

Cerro Rubio Quartz Latite 
and Latite Domes 

Tsankawi Pumice and 
Tshirege Member of 
Bandelier T uff 

EI Cajete Pumice of 
Valles Rhyolite 

'Potassium-argon date. 

Approximate Age 
(Millions of Years) 

20 

8.5 - 9.1 a 

3.7 - 6.7' 

1.4 - 3.7 

1.1 · 1.4 

The sequence of horizons from the surface downward, as seen in an exposed road cut or pit, 
collectively make up what is called a soil profile. Each soil has a unique profile that varies in kind 
and number of horizons. Some of these horizons merge gradually over a vertical distance of 
several inches and cannot be observed without close examination by the layman; however. in 
other soils, t he boundaries between horizons are sharp and easily seen . 

Most Los Alamos soils have three major horizons. These are designated wit h the let ters A, B, 
and C from the surface downward. Some soils, such as certain very steep soils, do not have B 
horizons, or, if erosil)n has been severe, the entire A horizon and occasionally the B horizon may 
be missing. The A and B horizons are often designated as the solum or "true soil," which has 
developed through the interaction of the five soil forming factors. In scientific studies of soi l 
profiles, the major horizons may be further subdivided and are designated AI, A2, A3, Bl, B2. 
and E3, and so on. tTl addition, other notations are also used in detailed descriptions of soil 
profiles . Figure 7 is a hypothetical profile showing most of the commonly used notations . 
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Organic horizon of undecompoted organic matter. 

Organic horizon of partially decomposed organic matter. 

Surface mineral horizon: accumulation of WlII·decomposed organic matter coati the mineral 
particles and darkens the soil mISS. 

The Ap horizon represents a plowed or disturbed soil Il yer. 

Subsurfac. horizon which hIS lost organic matter. clay. iron or aluminum through eluviation. 
resulting in concentration of resistant sand and silt panicles. 

Transitional to the 8 horizon. but more like the A than the 8 horizon. 
The A8 horizon occurs when the A3 and 81 horizonl are jlfesent but cannot be Wlp!lratlld. 

Transitional to the A horizon. but more like the 8 th .... the A horizon. 

Mineral horizon characterized by one or more of the following: 
1. Iliuvial concentration of clay. iron. aluminum or organic matter. 
2 Coatings of iron and aluminum oxides. resulting in darker. strongar or redder colon. 
3. Residual concentrations of iron and aluminum oxides or silicate clay. 

Mineral horizon. other than bedrock. which mayor may not be similar to Pr81Umed soil parent 
material. Has been little affected by soil· forming proces:ses. 

The C
el 

horizon contains accumulations of carbonates. 
The C

el 
horizon contains calcium solfate accumulations. 

Fig. 7. 
Hypothetical soil profile showing principal horizons. 

1. The A Hor izon. The A horizon of Los Alamos soils ranges from 5 to i 6 cm in thickness, but 
A horizons 13 to 30 cm in thickness are more common. T he A horizon is commonly referred to as . 
the surface soil and is the part of the soil that is most act ive biologically. Plant roots, bacteria, 
fungi, insects, and small animals are most commonly found in the A horizon. The extensive root 
systems of the native prairie grasses and trees were important sources of organic matter for many 
Los Alamos soils . Well-decomposed organic matter, coating the mineral particles , is responsible 
for the color of the A horizon. 

T he A horizon receives precipitation before the lower lying B and C horizons. As water moves 
through the A horizon, soluble substances are carried to lower layers or even completely removed 
from the profile. This removal or leaching of bases such as calcium is an important cause of soil 
acidi ty. Limestone (calcium carbonate) can be applied to rep lace the calcium that was leached 
away and to maintain a soil reaction favorab le for plant growth. Clay particles may form in the 



surface soil either through the decomposition of larger mineral particles or by synthesis or recom­
bination of ions. The minute clay particles (10000 clay particles = 1 linear inch) may be carried 
out of the A horizon in suspension. Iron, magnesium, potassium and other elements, as well as 
calcium carbonate (lime), may also be removed from the A horizon in solution and suspension. a 
process called eluviation. Thus, the A horizon is often called the horizon of maximum eluviation. 

2. The B Horizon. The B horizon may occur immediately below the surface soil, or it may oc­
cur below an A2 horizon or subsurface layer. The B horizon is commonly called the subsoil. The 
B horizon of most local soils is usually found 13 to 30 cm below the surface and has a common 
thickness of 14-53 cm. although the range in thickness is 0 to 150 cm or more. 

The B horIzon is lower in biological activity than the A horizon and thus is lower in organic 
matter. It is usually harder when dry and stickier when wet, than the A horizon, because of the 
low amounts of organic matter and the accumulation of clay as a result of leaching from the A 
horizon. 

The mineral particles in the B horizon may be arranged in block-like or prism-like peds. The 
soil color of the B horizon is due less to organic matter coatings and more to the presence of iron 
compounds. The materials removed from the A horizons in solution and suspension may ac­
cumulate in the B horizon, making the B horizon the horizon of illuviation. The B horizon is im­
portant to agriculture because of its influence on water movement and root development. 
Characteristics of the B horizon determine the suitability for management practices such as tile 
drain systems and terraces for erosion control or water management. 

3. The C Horizon. The C horizon occurs beneath the B horizon. or the A horizon in AC 
profiles: or it may be missing altogether, as in some shallow soils. Biological activity - plant 
and animal life ..,.- is low in the C and other horizons that occur beloi.v .the subsoil. The C 
horizon may consist of material from which the A and B horizons developed, or may be of a dif­
ferent geologic material, as in soil profiles that have two or more geological materials stacked 
upon each other. The presence of two different geologic materials in the same profile is called a 
geologic discontinuity. It is indicated in horizon notations with a Roman numeral II. 

The C horizon of local soils usually includes the top 19 to 59 cm below the solum (A and B 
horizons), although the C horizon usually does not have a distinct lower boundary. Materials in 
the C horizon are less affected by weathering processes than the A and B horizons, and contain 
less organic matter and clay than the A and B horizons. 

4. The 0 and R Horizons. The 0 horizon is an organic-mat~er rich (:20% or more) layer that 
occurs above the surface mineral layer. They consist of fresh and partly decomposed organic 
matter, such as leaf litter and other forest residue. These layers occur most commonly in un­
disturbed timber areas and are seldom found in grassland soils. Disturbances such as clearing. 
plowing, or pasturing, alter or destroy these layers. 

Underlying, consolidated bedrock such as tuff, pumice, basalt , dacites , or latites is designated 
as the R horizon. The symbol "R" is used if the overlying soil is presumed to have formed from 
similar parent rock. If the R horizon is unlike the overlying materials , the R is preceded by a 
Roman numeral, as in "TIR." 

V. SOIL CLASSIFICATION. 

Soil classification is a branch of soil science concerned with arranging the many kinds of soi l 
into groups or classes. This is done to provide knowledge of soil properties and their relationships 
relevant to a certain purpose or objective. The objectives of soil classification include (1) organiz · 
ing knowledge of soils. (2) helping to remember soi l relationships. (3) bringing out soil 
relationships. and (4) providing units for predictions about soil behavior . The central objective is 
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to predict and better understand the behavior of soils. The amount of variation within groups 
and classes determines the kind and precision of the predictions that can be made. Knowledge of 
soil formation provides a basis for a system of classification that allows predictions at various 
levels of accuracy. 

A. Relationship of Soil Formation to Soil Classification 

Individual soils exist for each significant combination of parent material, climate, living 
organisms, topography, and time. Often a slight variation in one soil-forming factor results in the 
formation of a different soil individual; thus, there are many kinds of soils in most areas like the 
Los Alamos environs. The character of the surface soil, the subsoil, and the substratum, Le., the 
soil protJle, is considered in determining if a new kind of soil occurs. The physical and chemical 
properties of soil profiles provide the basis for arranging the soil individuals into groups that 
have similar characteristics. The range in properties of the individuals included in a group or 
class determine the kind and precision of the predictions that can be made about the behavior 
of its members, Le., the narrower the range in properties, the greater is the precision of 
behavioral prediction. Broad groupings, then, have limited prediction value, but are useful in 
helping one remember broad soil relationships or broad influences of the soil-forming factors. Ex­
amples of narrowly-defined groups and classes are soil series, soil type, and soil phase. Orders are 
examples of the most broadly defined groups or classes. 

B. Soil Series, Soil Type, and Soil Phase 

After soils are identified and classified in the field, maps are prepared that show the pattern 
of occurrence and distribution of groups of soil individuals. Aerial photographs commonly serve 
as the basis for preparation of such maps, as explained in Chapter II. The groups or classes of soil 
individuals shown on detailed soil maps (such as those included in this report) are the soil series, 
soil type, and soil phase. 

A soil series is a group of soil individuals that have horizons similar in characteristics (except 
surface texture) and arrangement in the soil profile, and that have developed from a particular 
type of parent material. Thus, the soil series includes soil individuals with a narrow range in 
profile characteristics other than surface texture, slope, depth to bedrock, degree of erosion, 
stoniness, and topographic position, unless these features greatly modify the kind and arrange­
ment of the soil horizons. A soil series may be named for a geographical place or feature, such as­
a town or river that is located near the area where the series was first def'jned. For example, the 
Frijoles series is named after Frijoles Canyon. which is located in the southern portion of Los 
Alamos County. 

A soil type is a subdivision of the soil series b~sed on the texture of the surface soil according to 
the textual classes shown in Fig. 8. It includes a group of soil individuals with the same range in 
characteristics as in the soil series, but restricted to a narrow range of surface texture, Le., the 
Potrillo series includes soils with both loam and gravelly sandy loam surface textures. Soil types 
are named by combining the series name with the surface texture class name, i.e., Potrillo (series 
name) plus loam (soil textural class) equals Potrillo loam, a soil type. Most soil series of Los 
Alamos County have only one soil type. 

A soil phase is a subdivision of a soil type or other classification unit. The soil phase has varia­
tions in characteristics that are not important to the genetic classification of the soil in its 
natural landscape; however, they are important to the use and management of the soil. Soil 
features, which may vary over a rather wide range in the soil series or soil type are defined over a 
narrow range for the soil phase, such as per cent slope and degree of accelerated erosion. Oc­
casionally, topographic position, soil depth, and thickness of surface horizon are shown as 
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Fig. 8. 
The soil texture triangle. 

0/0 Sil t 
(2-50,u) 

phases. Griegos cobbly loam, 16-40% slope and Griegos cobbly loam, 41-120% slope are examples 
of slope phases of the soil type Griegos cobbly loam. 

Two additional classification terms are sometimes used in county soil survey reports . These are 
the soil complex and miscelianeous land types. The soil complex is not a unit in the classification 
system. It is a complex of two or more soil types, which can be identified but are so intermingled 
that it is often not practical to separate the individual soil types at the sca le of mapping and in ­
tensity used in the survey. Miscellaneous land types are used in soil classification and mapping 
for areas with little or no natural soil. for areas that are dominated by other physical features. and 
for other areas where it is not feasible to classify the soils. Land containing rock outcrop. such as 
some of the areas adjacent to the mesas and the Rio Grande. are examples of miscellaneous iand 
types. 
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C. Soil Order, Soil Subgroup, and Soil Family 

The current system of soil classification3 has six categories. Beginning with the broadest 
category, these are: order, suborder, great grouP. subgroup, family, and series. The criteria used 
as the basis for this classification are soil properties that are observable and measurable. These 
soil properties are chosen, however, so that soils of similar origin are grouped together. Some of 
the categories of the current system are briefly defined in the following paragraphs, with the ex­
ception of the previously-discussed soil series class. 

Of the 10 recognized soil orders, only 5 exist in the Los Alamos area: Alfisols, Aridisols, En­
tisols, Inceptisols, and Mollisols (Table VI). About 80% of the County soils can be grouped into 
the Alfisol, Entisol, and In~eptisol soil orders. The properties used to differentiate among soil or­
ders are those that tend to give broad climatic groupings of soils. However, the Entisols are an 
exception in that they occur in many different kinds of climates. Each order is named with a 
word of three or four syllables ending in "sol," Le., -Ent-i-sol. 

Each great group is divided into subgroups, one of which represents the central (typic) seg­
ment of the great group. The others are called intergrades and contain soils having properties 
primarily of the great group, but al50 one or more properties of soils in another great group, sub­
order, or order. The names of subgroups are derived by placing one or more adjectives before the 
name of the great group. An example is Typic Udorthent (a typical Udorthent). 

Each subgroup is divided into families. primarily on t~e basis of properties important to plant 
growth or behavior of soils for engineering uses. Significant properties are texture, mineralogy, 
reaction, temperature, thickness of horizons. and consistence. An example is the fine-loamy (tex· 
ture), mixed (mineralogy), mesic (temperature regime) family of Udic Haplustalfs. 

VI. DESCRIPI'IONS OF THE SOILS 

This chapter describes the soil series and mapping units used in the soil survey of Los Alamos 
County. Detailed information is given on soil formation factors involved in the genesis of the soil 
for each soil series or mapping unit (Fig. 3). The relationship of slope, vegetation, soil parent 
materials. and selected soil profile characteristics is shown in a series of illustrations for groups of 
soils occurring together in the field. Many of the soils are so intermingled in the field that it is not 
practical to separate the individual soil types at a particular scale of mapping; thus, the inclu­
sions in each mapping unit and their extent are also described for each mapping unit. 

Because an important part of the description of each soil series is the soil profile, each series 
contains two profile descriptions. The first is brief and in terms familiar to the layman. The se­
cond is much more detailed and is included for those who need to make thorough and precise 
studies of soils. Several terillS used in both types of descriptions have quantitative descriptions, 
which are defined in the Glossary. 

The less detailed soil descriptions include information on classes of soil depth. slope. per·. 
meability, available water holding capacity, runoff and erosion hazards for each soil mapping 
unit in the survey. Soil depth and slope classes are important considerations in making max­
imum use of the soils, as is soil permeability, the rate at which water can penetrate or pass 
through a soil mass or horizon. Many of the soil mapping units are also rated'relative to their 
potential capability for holding water that is usable by plants, the soil available water 
capacity. This is estimated from the texture and depth of the solum and may be modified aCt 
cording to the effective rooting depth of the soil profile. Potential runoff and erosion hazard 
classifications of the soils are also included to indicate potential rates of soil loss by water erosion 
for each soil in the survey, 

The detailed description of each soil profile follows the brief layman's description of each soil 
series, Information is given in the detailed profile descriptions related to dry and moist soil color, 
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TABLE VI 

SOIL SERIES CLASSIFIED ACCORDING TO THE CURRENT 
SYSTEM OF CLASSIFICATION 

Series Famill:: Subgroul! 

Abri!(o Clayey-skeletal. mixed Pachic Paleboroll 
Anesa Ashy-skeletal. frigid Typic l1dorthent 
Armstead Fine. mixed Eutric Glossohoralf 
Arriba Fine. mixed Typic Eutroboralf 
Atomic Fine-loamy. mixed. mesic Udic Haplustalf 
Sarrancas Fine. mixed Typic Eutroboralf 
Sayo Ashy.skeletal. mesic Typklistorthent 
Soletas Clayey-skeletal. mixed. mesic Udic Haplustalf 
Cahra Clayey-skeletal. mixed Typic Eutroboralf 
Carjo Cla\·ev. mixed Mollie Eutroburalf 
Colle Fin~.loamv. mixed Eutric G lossoboralf 
Com ada Fine. mixe·d. mesic Typic Haplustalf 
Cone Medial-skeletal. mesic Typic Vitrandept 
Copar Ashy-skeletal. frigid Typic l:storthent 
Cuervo Medial-skeletal Entic Cryandept 
Dacite Sand. mixed Cumulic Haploboroll 
Emod Ashy-skeletal . mesic Typic listorthent 
Frijoles Loamy-skeletal. mixed. mesic Aridk Haplustalf 
Griegos Loamy-skeletal. mixed Dystric Cryochrept 
Hackroy Clayey. mixed. mesic Lithic Aridic Haplustalf 
.Jemell Fine-loamy. mixed Typic Eutroboralf 
Korral Fine. mixed. mesic Lithic Haplustalf 
Kwage Sandy-skeletal. mixed. frigid Typic lidorthent 
Latas Ashy. frigid Typic listipsamment 
:-';~-jack Fine-loamy. mixed. mesic Lithic Aridic Haplustalf 
Painted Cave Ashy·skeletal. frigid Andeptic Udorthent 
Pelado Loamy-skeletal. mixed. frigid Typic Dy~trochrept 
Penistaja Fine-loamy. mixed. mesic Ustollic Haplargid 
Pines Loamy-skeletal. mixed. frigid Dystric Eutorchrept 
Pogna Loamy. mixed. frigid Lithic Cstorthent 
Potrillo Fine·loamy. mixed. mesic Aridic Ustochrept 
Prieta Clayey. mixed. mesic Lithic Ustollic Haplargid 
Pueblo Loamy·skeletal. mixed Pachic Argiboroll 
Puve Medial. mixed. frigid Mollie Vitrandept 
Qu'emazon Loamy-skeletal. nonacid. frigid Lithic Ustorthent 
Rabbit Medial·skeletal. frigid Entic Dystrandept 
Renrlija Clayey·skeletal. mixed. mesic Typic Haplustalf 
Sanjue Ashy·skeletal. frigid Typic L'storthent 
Santa Klara Clayey-skeletal. mixed Eutric Glossoboralf 
Seabv Loamy·skeletal. mixed Typic Eutroboralf 
Ser\,i'lleta Fine. mixed. mesic l'stollic Haplar~d 
Shell Medial-skeletal. frigic Typic Vitrandept 
Stonelion Loamy-skeletal. mesic Lithic Cstorthent 
Tentrock Medial-skeletal. frigid Entic Eutrandept 
Tocal Clayey. mixed Lithic Eutroboralf 
Totavi :'ledial. mixed . mesic Ustic Torriorthent 
Tsankawi Loamy-skeletal. nonacid . frig id Lithic ( 'stort hpn t 
Turkev Loamy·skeletal. mixed. frigid L'dic l :stochrept 
Cnnamed Soil A .4,s hv·skeletal. mesic Entic Eutrandept 
( 'nnamed Soil B Fin~. mixed. mesic l'dic Haplusta lf 
l :nnamed Soil C Clavev·skeletal. mixed Typic Eutroboralf 
L'nnamed Soil D Fin~. ~ixed Typic Eutroboralf 
l:nnamed Soil E Fine· loam \' . mixed T.' ·pic Eutrohoralf 
l'nnamed Soil F Sandy.skeietal. mixed. mesic Typic l·;.!orthe!'! 
l'nnamed Soil G Ashy. mesic Typic l'stipsaluffielll 
('nnamed Soil H Loam~' ·ske l etal. mixed, mesic lstochreptic Ca:nbortntd 

Order 

Mollisol 
Entisol 
Alfisol 
Alfisol 
Alfisol 
Alfisol 
Entisol 
Alfisol 
Alfisol 
Alfisol 
Alfi~ol 
Alfisol 
Inceptisol 
Entisol 
Inceptisol 
Mollisol 
Entisol 
Alfi~ol 
Inceptisol 
Alfisol 
Alfisol 
Alfisol 
Entisol 
Entisol 
Alfisol 
Entisol 
Inceptisol 
Aridisol 
Inceptisol 
Entisol 
Inceptisol 
Aridisol 
Mollisol 
Inceptisol 
Entisol 
lnceptisol 
Alfisol 
Entisol 
Alfisol 
Alfisol 
Aridisol 
Incepti~ol 
Entisol 
Inceptisol 
Alfisol 
Entisol 
Entisol 
Inceptisol 
Inceptisol 
Alfisol 
Alfisol 
Alfisol 
Al fisn l 
Enti~ol 
Entisol 
Aridi;.()i 
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texture, structure, moist and wet consistence, presence of clay films, gravel, cobble, stone, plant 
roots, and pores, soil reaction (pH), and soil horizon boundaries, consecutively. Explanations of 
these soil characteristics are contained in the Glossary. 

Soil colors are good indicators of many physical-chemical soil characteristics, and are useful in 
the study of the genesis of soils and in arriving at conclusions concerning their best use and 
management. The Munsell color system is commonly used to describe soil colors, which vary 
with the water content of the soil. In recording a moist or dry soil color by Munsell notation, the 
symbol for hue (relation to red, yellow, green, blue or purple) is written first and is followed by a 
symbol written in fraction form. The numerator of the fraction indicates the value (lightness) of 
the 'color and the denominator indicates its chroma (strength or departure from neutral color). 
For example, a soil sample that is 5.0 Red in hue, 5 in value, and 8 in chroma, is described as 5.0R 
5/8. 

Information is also presented as to the distribution of fine and coarse particles in each soil 
horizon of a soil type. The texture of the soil is given in the description and indicates the amounts 
of sand, silt, and clay in the sample, as shown in Fig. 8. In addition, many of the soil profiles in 
Los Alamos County contain large amounts of pumice and larger rogks, making an estimate of the 
amounts of gravel, cobbble, and stone in the soil necessary. This is generally done by visually es­
timating the per cent (by volume) of these coarse fragments in each soil horizon. 

Several soil morphological characteristics were also recorded for each soil profile. The soil 
structure of each soil horizon examined is described in terms of its grade, size, and form. Soil 
consistence, a measure of the property of a soil to adhere, cohere, or resist deformation, was 
measured for moist and wet soils. Clay films were described by recording their frequency of oc­
currence, thickness, and location in the soil mass. The shape and abundance of various-sized soil 
pores and plant roots were measured, as well as the soil pH or reaction of each soil sample. The 
lower boundary of each soil horizon is described as to its distinctness and topography. Soil pH 
and presence of carbonates were also described for each soil type. 

The proportionate extent of the 61 soil mapping units used in the LASL-Soil Conservation 
Service and Forest Service portions of the soil survey (Fig. 1) are given in Table VII. With the ex­
ceptions of the previously characterized Penistaja and Prieta series, all of the soil series names 
currently have proposed series status, because they have not undergone the national review of es­
tablished series. About 20% of the land surveyed (about 220 000000 m2 ) contained rock outcrop 
mapping units, and 38% of the land surveyed contained soil complexes with rock outcrop mem­
bers. The soil complexes containing rock outcrop and the pelado and Kwage soil were the most 
extensive soils in the Forest Service portions of the survey, accounting for over 14% of the land 
surveyed (Table VII) . The LASL-Soil Conservation Service survey contained almost 10% of the 
steep rock outcrop mapping unit and over 3% of the Hackroy-Rock Outcrop Complex. 

The soil mapping units of each portion of the survey are described in detail in the following two 
sections. The relationship of slope, vegetation, soil parent materials, and selected soil profile 
characteristics is shown for all the soils included in each section at t he end of each of these two 
sections (Figs. 9-13 and 14-25). 

A. Soils Described in the LASL-Soil Conservation Service Soil Survey 

1. Carjo Series. The Carjo series consists of moderately deep. well -drained soils t hat for­
med in material weathered from tuff. These soils are found on nearly level to moderate ly sloping 
mesa tops (Figs. 9 and 10) near the Jemez Mountains. Included with this soil in mapping are 
areas of Pogna, Tocal, and fine Typic Eutroboralf soils, all of which make up about 10% of this 
mapping unit. ~ative vegetation is mainly blue and black grama, and ponderosa pine. 

. i 
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TABLE VII 

SIZES AND FORMS OF SOIL STRUCfURE 

Per Cent of Land Per Cent of Land 
SOU Mapping Unit Area Surveyed SoU Mapping Unit Area Surveyed 

Abrigo series 0.49 Rock outcrop.Colle.Painted 1.74 
Armstead series 0.41 Cave complex 
Arriba-Copar complex 1.43 Rock outcrop· Cone· Stone lion 0.47 
Atomic·Korral complex 0.25 eomplex 
Barrancas·Sanjue·Jemell complex 0.02 Rock outcrop, frigid 2.62 
Boletas·Rock outcrop complex 0.34 Rock oucrop, mesic 3.29 
Borrow Pit 0.15 Rock outcrop, Pelado· Kwage 7.51 
Cabra series, 0-15% slopes 0.29 complex 
Cabra series, 16-40% slopes 0.97 Rock outcrop· Pines· Tentrock 2.35 
Carjo series 2.60 complex 
Cinde!'!l 0.03 Rock outcrop, steep 9.98 
Comada.Bayo complex 0.16 Rock outcrop, very steep 3.84 
Cuervo series, 0·15% slopes 0.36 Sanjue·Arriba complex 2.94 
Cuervo series, 16·40% slopes 0.17 Santa Klata-Armstead complex 1.23 
Dacite aeries 0.15 Seaby series 1.00 
Emodseries 1.24 Servilleta series 0.38 

, \ Frijoles series 1.03 Shell·Anesa complex 0.07 
Griegos series. 16·40% slopes 1.0'1 Shell·Anesa.Rock outcrop complex 1.10 
Griegosseries, 41-80% slopes 2.07 Talus slopes, eyrie (no soil present) 0.10 
Griegas-Rock outcrop complex 1.23 Tocal series 2.54 
Hackroy series 2.25 Totavi series 2.89 
Hackroy.Rock outcrop complex 3.25 Turkey·Cabra.Rock outcrop complex 6.00 
Kwage-Pelado-Rock outcrop complex 6.89 
Latas series 1.27 UlIDamed loils: 
Nyjack series 1.69 
Pelado aeries 3.39 Eutrandepts.Ustipssmments- 0.61 
Penistsja series 1.98 Haplustslfs complex 
Pogna series 1.28 TYpic Eutroboralfs. clayey· 0.46 
Potrillo series 1.23 Ikeletal. mixed 
Prieta Beries 1.03 Typic Eutroboralfs. fine. mixed 0.66 
Pueblo series 1.14 Typic Eutroboralfs. fine·loamy. mixed 0.25 
Puye series 0.45 TYpic Ustorthents·Rock 0.54 
Quemazon· Arriba -Rock outcrop 3.97 outcrop complex 
complex Uatochreptic Camborthids·Rock 0.25 
Rabbit·Tsankawi-Rock outcrop 2.11 outcrop complex 
complex: 
Rendija-Bayo complex: 0.34 
Rock outcrop. basalt 0,07 
Rock outcrop-Bayo complex 0.+4 
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The surface layer of Carjo soils is a grayish brown loam. or very fine l;andy loam. about 10 cm 
thick. The subsoil is a brown and reddish brown clay loam and clay about 40 cm thick. The sub­
stratum is a light brown. very fine sandy loam about 10 cm thi.ck. Depth to tuff and the effective 
rooting depth range from 51 to 102 cm, and the available water holding capacity is medium. 
Runoff in this slowly permeable soil is medium, and the water erosion hazard i:, moderate. 

A typical profile description of Carjo loam (1 to 8% slope) is given as follows: 

Al 0-10 cm, grayish brown (10YR 5/2) loam, very dark grayish brown (lOYR 3/ 2) moist; weak fine granular structure; 
soft and very friable moist; many fine roots; many very fine interstitial pores; neutral; clear smooth boundary. 

BI 10-30 cm, brown (7. 5YR 4/4) clay loam, dark brown (7.5YR 3/3) moist ; weak fine subangular blocky structure; 
slightly hard and very friable moist; sticky and plastic wet; many fine roots; many very fine interstitial pores; 
neutral; clear smooth boundary. 

B2t 30-51 cm, reddish brown (5YR 4/4) clay, dark reddish brown (5YR 3/4) moist; moderate fine angular blocky struc­
ture; hard and firm moist, sticky and plastic wet; many fine and medium roots; common fine tubular pores; thin 
discontinuous clay films on peds; neutral ; clear smooth boundary. 

C 51-64 cm. light brown (i.5YR 6/4) very fine sandy loam. brown (7.5YR 4/4) moist ; massive ; few fine roots: common 
fine tubular pores; mildly alkaline: abrupt smooth boundary. -

R 64+ cm, tuff. 

2. Frijoles Series. The Frijoles series consists of deep. well-drained soils that formed in 
thick pumice beds on nearly level to moderately sloping mesa tops (Fig. 10). Included with this 
soil in mapping are Seaby. Ny jack, and fine Typic Eutroboralf soils; these inclusions make up 
about 10% of the mapping unit. Native vegetation is mainly pinon pine, one-seed juniper, and 
blue grama. 

Typically, the surface layer is a brown, very fine sandy loam. or loam. about 5 cm thick. The 
subsoil is reddish brown and brown. very gravelly clay loam and very gravelly sandy clay loam 
about 40 cm thick and contains about 35 to 70% pumice. The substratum consists of gravel-sized 
white pumice to 152 cm or more and may be banded with clay films. Permeability is moderately 
slow in the upper 45 cm and very rapid below. The available water capacity is very low, and the 
effective rooting depth is about 45 cm. Runoff is slow to medium. and the erosion hazard is 
moderate. 

A typical profile of Frijoles very fine sandy loam (1 to 8% slope) is described as follows: 

Al 0-5 cm. brown ( lOYR 5/3) very fine sandy loam , dark brown (lOYR .t/3) moist : weak fi ne granular structure: 50ft 
and very friable moist : many fine roots ; many fine vesicular pores: neutral ; abrupt smooth boundary. 

B2t 5-30 cm. reddish brown (5YR .t/4) very grave lly clay loam. dark reddish brown (5YR :3N) moist: weak fine sub­
angula r blocky structure ; slightly hard and friable moist , sticky and plastic wet : many fine roots : many fine 
vesicular pores ; thin discontinuous clay films on peds : 55 % fine gravel -s ized pumice; neutral: clear smooth boun­
dary . 

B3 30-.t6 cm. brown (7.5YYR .t/4) very gravelly sandy clay loam. dark brown (i.5YR 3/.t) moist : weak fi ne grariular 
structure : soft and very fr iable moist . st icky and plastic wet ; many fine roots: many fine vesicular pores; 55% fine 
gravel-s ized pumice ; moderate ly alkaline: clear smooth boundary. 

C ~6· 152+ em. white (~il/O) gra \·e l. white (~8/0 ) moist: single gra in: loose. dry a nd moist : few fi ne roo ts; many fine 
ves icular pores: 85% fi ne grave l.sized pumice; slight ly calcareous: strongly a lka line . 

3. Hackroy Series. The Hackroy series consists ofvery shallow to shallow. well -drained soils 
that formed in material weathered from tuff on mesa tops (Fig.. l1)' Individual areas of 
Hackroy soils are ': to 80 acres in size and include small areas «2 acres) of rock outcrop, and ~y­
jack and fine -loamy Typic Eutroboralf soils; the inclusions may compose 25% of this mapping 
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unit. A Hackroy-Rock outcrop complex was also mapped in the survey and consists of small 
areas of Hackroy soils and 70% rock outcrop that are so intermingled that they could not be 
separated at the scale selected for mapping. This second unit consists of nearly level to 
moderately sloping shallow soils over tuff bedrock and tuff rock outcrop; mapped areas are 
mostly elongated and oriented with the mesa tops and are 1/4 to 3 acres in size. The shallow, 
well-drained Hackroy soils make up about 20% of this complex and the Ny jack soils and very 

. shallow undeveloped soils make up about 10% of the Hackroy-Rock outcrop mapping unit. The 
native vegetation is mainly pinon pine, one-seed juniper, scattered ponderosa pine, and blue 
grama. 

The surface layer of the Hackroy soils is a brown sandy loam, or loam, about 10 cm thick. The 
subsoil is a reddish brown clay, gravelly clay, or clay loam, about 20 cm thick. The depth to tuff 
bedrock and the effective rooting depth are 20 to 50 cm. Both the Hackroy and the Hackroy-Rock 
outcrop mapping units exhibit slow permeability and low available water capacities. The 
Hackroy mapping unit has medium runoff and only moderate water erosion hazard, whereas the 
Hackroy-Rock outcrop unit has a moderate to severe water erosion hazard and medium to high 
runoff. 

A typical profile of Hackroy sandy loam (1 to 5% slope) is described as follows: 

Al 0-8 cm. brown (lOYR 5/3) sandy loam. brown (lOYR 4/3) moist ; weak fine subangular blocky st ructure ; hard and 
friable moist; many fine roots; common fine tubular pores ; mildly alkaline ; abrupt smooth boundary. 

B2t 8-25 cm_ dark reddish brown (5YR 3/4) clay. dark reddish brown (5YR 3/4) moist : moderate fine prismatic struc· 
t ure: hard a nd firm moist. sticky and plastic wet: many fine roots; few very fine tubular pores: 3% gravel: con ­
t inuous clay films on peds : mildly alkaline: abrupt smooth boundary. 

83 25-30 cm. yellowish red (5YR 5/6) gravelly clay. yellowish red (5YR 5/6) moist ; moderate fin e subangular blocky 
st ruct ure: slightly hard and firm moist . sticky and plastic wet ; many fine roots; 25% gravel; slightly calcareous: 
neutral. 

R 30+ cm. t uff bedrock . 

4. Ny jack Series. The :\yjack series consists of moderately deep. well-drained soils that 
formed in material weathered from tuff on nearly level to gently sloping mesa tops (Fig. 12). In­
dividual areas of these soils are 5 to i 5 acres in size and include about 20% rock outcrop, and 
Hackroy and fine-loamy Typic Eutroboralf soils in the mapping unit. The native vegetation is 
mainly pinon pine, one-seed juniper and blue grama. 

Typically, t he surface layer is a brown loam, very fine sandy loam, or sandy loam about 5 cm 
thick, and the subsoil is a brown clay loam about 50 cm thick. The substratum is a gravelly 
sandy loam about 40 cm t hick, which may contain as much as 30% pumice. Depth to tuff bedrock 
and the effective root ing dept h range from 50 to 102 em. Available water capacity is medium . 
Runoff is slow in this moderately permeable soil, and the water erosion hazard is slight. 

A representative profile of Ny jack loam (1 to 5% slope) is given as follows: 

Al 0-8 cm. brown (lOYR 5/3) loam. dark brown (7.5YR 3/2 ) moist : weak fine granular structure ; soft and very fr iable 
moist ; many fine roots : many vesicular pores: slight ly acid: abrupt smooth boundary . 

BI 8-33 cm. brown (i .5YR 5/4) light clay loam. brown (7.5YR 4/4) moist : moderate medium subangular blocky struc· 
t ure: slight ly hard and very fria ble moist . slightly st icky and slight ly plastic wet : many medium roots: many 
ves icular pores: neutral: clear smooth boundary. 

B2! 33 ·6! em. brown (7.5YR 4/4 ) clay loam (est . 34% cla~· I . dark brown (7 .5YR 3/4 ) moist : moderate medium angula r 
blocky structure : hard and friable moist : sticky and plast ic wet : few fine roots : man~' fine tubular pores: thin dis­
continuous clay films on peds: neutra l; ahrupt smooth boundary . 
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C 61·99 cm. light brown (7.5YR 6/4) gravelly sandy loam. brown (7.5YR 4/4) moist; massive; few fine roots; 25% 
coarse fragment (pumice): mildly alkaline; abrupt smooth boundary. 

R 99+ cm. tuff bedrock. 

5. Penistaja Series. The Penistaja series consists of deep, well-drained soils that formed in 
material weathered from alluvial and eolian deposits on basalt (Fig. 13). This soil is found on 
nearly level to gently sloping topography in the White Rock and Pajarito Acres area. Native 
vegetation is mainly blue grama, piiion pine, and one-seed juniper. Small areas «3 acres) of 
Prieta, Servelleta, and Nyjack soils are included in the Penistaja mapping unit and make up less 
than 10% of the area of the unit. 

The surface layer of the Penistaja series is a brown sandy loam about 8 cm thick. The subsoil is 
a brown to light brown clay loam and heavy fine sandy loam about 95 cm thick. The substratum 
is a light brown sandy loam about 50 cm thick and contains carbonates ranging from dis­
seminated to soft masses and threads. Permeability is moderate. The available water capacity is 
high, and the effective rooting depth is 150 cm or more. Runoff is slow, and the water erosion 
hazard is low. 

A typical pedon of Penistaja sandy loam (1 to 5% slope) is described as follows: 

Al 0·8 cm. brown (7.5YR 5/4) sandy loam. brown (7.5YR 4/2) moist; weak fine granular parting to weak fine sub­
angular blocky structure: soft and very friable moist; common medium roots: moderately alkaline; clear smooth 
boundary. 

B21t 8·30 cm. brown (7.5YR 4/4) light clay loam. brown (7.5YR 4/4) moist; weak medium subangular blocky structure; 
slightly hard and very friable moist. slightly sticky and slightly plastic wet; common fine roots; thin discontinuous 
clay films on peds; mildly alkaline; clear smooth boundary. 

B22t 30·76 cm. light brown (7.5YR 4/4) light clay loam, brown (7.5YR 5/4) moist: moderate medium subangular blocky 
structure; hard and friable moist. slightly sticky and slightly plastic wet: few fine roots; thin continuous clay films 
on peds; slightly calcareous; moderately alkaline; clear smooth boundary. 

B3 76·102 cm. light brown (7.5YR 6/4) heavy fine sandy loam. brown (7.5YR 5/4) moist; weak coarse subangular 
blocky structure: hard and friable moist; slightly calcareous; moderately alkaline; clear smooth boundary. 

C 102·152+ cm. light brown (7.5YR 6/4) sandy loam. brown (7.5YR 5/4) moist; massive; slightly calcareous; 
moderately alkaline. 

6. Pogna Series. The Pogna series consists of shallow well-drained soils that formed in 
material weathered from tuff on gently to strongly sloping mesa tops (Fig. 9). Included with this 
soil in mapping are rock outcrop and Carjo, fine Typic Eutr.oboralf, and Tocal soils; the inclu­
sions make up about 10% of this mapping unit. Native vegetation is mainly ponderosa pine, 
mountain mahogany, and Kentucky bluegrass. 

Typically, the soil is a light brownish gray fine sandy loam, or sandy loam, over tuff bedrock at 
25 to 50 cm. The available water capacity of this moderately rapid permeable soil is low, and the 
effective rooting depth is 25 to 50 em. Runoff is medium, and there is a modeFate water erosion 
hazard. 

The representative profile of the Pogna fine sandy loam (3 to 12% slope) is described as 
follows: 

Al 0·13 cm. light. brownish gray (IOYR 6/2) fine sandy loam. very dark grayish brown (lOYR 3/2) moist: weak fine 
granular structure; slightly hard and very friable moist; many medium roots; many interstitial pores; neutral: clear 
smooth boundary. 
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C 13-30 cm, light brownish gray (lOYR 6/2) fine sandy loam. grayish brown (IOYR 5/2) moist : weak fine granular 
structure; slightly hard and very friable moist ; many medium and coarse roots : many interstitial pores: sli/!htly 
acid . 

R 30+ em, tuff bedrock. 

7. Potrillo Series. The Potrillo series consists of deep. well-drained soils that formed in 
alluvial and colluvial sediments derived from tuff and pumice . Potrillo soils are found on level to 
gently sloping canyon floors (Fig. 11) and on inextensive. flat benches along the Rio Grande 
Gorge (Fig. 13) . Native vegetation is blue grama, piiion pine, one-seed juniper, and annual 
grasses and forbs _ About 10% of this mapping unit in the canyon floors consists of Puye and 
Totavi soils and some soils that have a more developed subsoil than the Potrillo soils. When the 
Potrillo soils are found along the Rio Grande Gorge, small areas of Totavi soils and soil profiles 
containing silt or cobble throughout the profile are included in the Potrillo mapping unit. 

When the Potrillo series is found in canyon floors the surface layer is typically a brown loam 
about 10 cm thick_ The subsoil is a brown loam, or a sandy loam, about 30 cm thick. The sub­
stratum is light brown sandy loam with 15% gravel-sized pumice fragments and is neutral to 
mildly alkaline_ The available water capacity of this moderately permeable soil is high, and the 
effective rooting depth is 150 cm or more. Runoff is very slow, and the erosion hazard is low. 

When the Potrillo series is found along the Rio Grande, the surface layer is a brown gravelly 
sandy loam about 15 cm thick. The subsoil is a brown gravelly sandy loam about 25 cm thick . 
The substratum is a light brown gravelly sandy loam to 150 cm or more, and the entire profile has 
10 to 20% gravel-sized pumice. Permeability is moderate, and the available water capacity is 
medium to high with an effective rooting depth of 150 cm or more. Runoff is slow, and the erosion 
hazard is low. 

A typical pedon of Potrillo loam (0 to 5% slope) is described as follows: 

Al O-lO em, brown (7.5YR 5/2) loam, dark brown (7.5YR 3/2) moist; weak fine granular structure; soft and very friable 
moist ; common fine roots; neutral; clear smooth boundary. 

S2 10-20 em, brown (7.5YR 5/4) loam, dark brown (7.5YR 3/4) moist: weak medium subangular blocky structure; 
slightly hard and very friable moist; slightly sticky and slightly plastic wet; common very fine roots: neutral; clear 
smooth boundary. . 

S3 20-41 em, brown (7 .5YR 5/4) sandy loam. dark brown (7.5YR 3/4) moist : weak fine subangular blocky structure: 
slight ly hard; very friable moist, slightly sticky and slightly plastic wet; few 'very fine roots; 5% gravel-sized pumice; 
mildly alkaline ; clear smooth boundary. 

C 41-1 52+ em, light brown (7.5YR 6/4) sandy loam, brown (7.5YR 4/4) moist; massive; 15% gravel -sized pumice: 
mildly a lkaline. 

8. Prieta Series. The Prieta series consists of shallow, well-drained soils that formed in 
wind-deposited sediments and some material weathered from basalt on gently to moderately 
sloping mesa tops (Fig. 13). Native vegetation is mainly pinon pine, one-seed juniper, blue 
grama, and big sagebrush. Individual areas of Prieta soils are 5 to 80 acres in size, and about 15% 
of this mapping unit consists of inclusions of rock outcrop and Servilleta soils. 

The surface layer of the Prieta soils is a light brown silt loam, or loam, about 10 cm thick . The 
subsoil is a brown and light brown clay loam, or clay, about 25 cm thick. The substratum is a 
pink gravelly silt loam, about 10 cm thick, and depth to basalt ranges from 25 to 50 cm. The 
available water capacity is low, and the effective rooting depth is 25 to 50 cm. Runoff is medium 
in this slowly permeable soil, and water erosion is moderate_ 

A typical profile of Prieta silt loam (3 to 8% slope) is described as follows: 

Al 0-13 em_ light brown (i.5YR 6/4) silt loam. brown (i.5YR 4/4) moist: weak fine granular structure: soft and very 
friable moist : many fine and medium roots: many interstitial pores : mi ld ly a lkaline : clear smooth boundary . 

27 



28 

B2t 13·28 cm, brown (7 .5YR 512) clay loam. dark broy."Tl (7.5YR -t/2) moist; moderate medium subangular blocky 
structure; slightly hard and friable moist. sticky and plastic wet ; many fine and medium roots; many fine in· 
terstitial pores; thick continuous clay films on peds; mildly alkaline: clear smooth boundary. 

B3ca 28·38 cm. light brown (7.5YR 6/4) clay loam. brown (7 .5YR 5/4) moist: hard and friable moist. sticky and plastic 
wet; many fine roots; many interstitial and tubular pores: 5% gravel: slightly calcareous; moderately alkaline; 
clear smooth boundary. 

eca 38·.t8 cm. pink (7 .5YR 7/4) gravelly silt loam. brown (7.5YR 5/4) moist: structureless; hard and very friable moist. 
slightly sticky and slightly plastic wet: many fine and medium roots; 25% gravel and cobblestone; many in· 
terstitial and tubular pores; strongly calcareous; thick caliche coats on gravel and cobblestone. moderately 
alkaline. 

R .t8+ cm. basalt. 

9. Puye Series. The Puye series consists of deep, well-drained soils that formed in 
alluvium in level to gently sloping canyon bottoms near the mountains (Fig. 12). Individual 
areas of Puye soils are 2 to 40 acres in size and occur as long slender bodies. Included with this 
soil in mapping are areas of this soil with up to 10% slope on the side of the canyons, and a few in­
termingled areas of Totavi soils adjacent to the north canyon walls; the inclusions make up 
about 10% of this mapping unit. Native vegetation is Kentucky bluegrass, western wheat grass, 
mountain muhly, ponderosa pine, oak species, and annual grasses and forbs. 

Typically, the surface soil is a dark grayish brown sandy loam, fine sandy loam, or loam, to 150 
cm or more. Permeability is moderately rapid, the available water capacity is high, and the ef­
fective rooting depth is 150 cm or more. Runoff is very slow, and the erosion hazard is low. 

A typical profile of Puye sandy loam (0 to 5% slope) is described as follows: 

Al 0·15 cm. dark grayish brown (10YR 4/2) sandy loam. very dark grayish brown (lOYR 3/2) moist; weak fine granular 
structure; soft and very friable moist; many fine and very fine roots; neutral: clear smooth boundary . 

C 15·152+ cm. dark grayish brown (10YR 4/2) sandy loam. very dark grayish brown (lOYR 3/2) moist; massive; soft 
and very friable moist; common fine and very fine roots; neutral. 

10. Rock Outcrop, Basalt. This land type has a slope of 15 to 50% and consists of about 95% 
basalt rock outcrop (Fig. 13). The inclusions in this mapping unit are very shallow undeveloped 
soils on basalt bedrock. The unit is generally found south of White Rock where the native vegeta­
tion is pinon pine and one-seed juniper. 

11. Rock Outcrop, Frigid (5-30% Slope). This land type is found on gently sloping to steep 
mesa tops and edges (Fig. 9) and consists of about 65% tuff rock outcrop. The inclusions in the 
mapping unit are about 5% very shallow undeveloped soils on bedrock, 5% Tocal soils and 25% 
narrow escarpments. Native vegetation is mainly Kentucky bluegrass, ponderosa pine, spruce, 
fi r, and oak. 

12. Rock Outcrop, Mesic (5-30% slope). T his land type is found on moderately sloping to 
steep mesa tops and edges and consists of about 65% tuff rock outcrop (Fig. 11 ). The inclusions 
in t his mapping unit are about 5% very shallow, undeveloped soils on tuff bedrock, 5% Hackroy 
soils, and 25% narrow escarpments. Native vegetation is blue grama, pinon pine, and one-seed 
juniper. 

13. Rock Outcrop, Steep. This land type has slopes greater than 30% on steep to very steep 
mesa breaks and canyon walls (Figs. 10, 11 , 12) and consists of about 90% rock outcrop. The 
rocks are mainly tuff except at .the lower end of some of the canyons where there is basalt . 
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The inclusions in this mapping unit are very shallow undeveloped soils on tuff, mesic rock out­
crop (5-30% slope), and frigid rock outcrop (5-30% slope). The south-facing canyon walls are 
steep and have little or no soil material or vegetation, but the north-facing walls have areas of 
very shallow dark-colored soils . Vegetation is ponderosa pine, spruce, and fir. 

14. Rock Outcrop, Very Steep. This land type has slopes generally greater than 50% and is 
on the canyon wall of the Rio Grande Gorge (Fig. 13). It consists of about 90% rock outcrop. The 
rocks are mainly basalt, although there is some tuff near the mesa tops, and there are exposures 
of rocks of the Tesuque Formation near the river. There are also large areas of basalt rubble con­
sisting of boulders as large as 5 to 7 m in diameter, deposited by landslide and exfoliation ac­
tivity. Vegetation is very sparse and is dominantly pinon pine, one-seed juniper, and blue grama. 

15. Seaby Series. The Seaby series consists of shallow to moderately deep, well-drained soils 
that formed in material weathered from tuff on gently to moderately sloping mesa tops (Fig. 9). 
in mapping are Ny jack, Frijoles, fine Typic Eutroboralf, and earjo soils; these inclusions make 
up about 10% of this mapping unit. Native vegetation is ponderosa pine, Kentucky bluegrass, 
and annual grasses and forbs. 

The surface layer of the Seaby soils is a brown loam, or sandy loam, about 10 cm thick. The 
subsoil is a brown to strong brown gravelly (35-70% pumice) clay loam about 20 cm thick, but 
this horizon is not present in some of these profiles. The substratum is a white gravelly pumice 
about 35 cm thick, which may have bands of fine soil material in it originating from the B 
horizon. The depth to tuff bedrock and the effective rooting depth range from 25 to 66 cm . Per­
meability is moderate in the upper soil layers and very rapid below. Available water capacity is 
low, and the runoff and erosion hazards are moderate. 

A typical profile of Seaby loam (3 to 12% slope) is described as follows: 

Al 0-13 cm, brown (lOYR 5/31 loam, very dark grayish brown (lOYR 3/2) moist ; weak fme granular structure; slight ly 
hard and very friable moist, slightly sticky wet; many fine and medium roots ; many fine vesicular pores; neutral; 
clear smooth boundary, 

B21t 13-25 cm, brown (7,5YR 5/4) gravelly clay loam, dark brown (7,5YR 4/4) moist; moderate medium subangular 
blocky structure; slightly hard and friable moist , sticky and plastic wet; many fine and medium roots ; many fine 
vesicular pores; some pockets of A2 material in the upper part of this horizon ; 40% fine gravel.sized pumice ; thin 
discontinuous clay films on peds and some bridging between gnvels; neutral ; clear smooth boundary, 

B 22t 25·30 cm, strong brown (7.5YR Mi) very gravelly clay loam, yellowish red (5YR 4/6) moist ; moderate medium sub. 
angular blocky structure; slightly hard ; very friable moist. sticky and' plastic we t ; 55% fine gravel .sized pumice; 
many fine vesicular pores; thin clay bridges between gravels and films on peds: neutral; clear smooth boundary . 

C 30·66 cm, white (N 8/0) and strong brown (i.5YR 5/6 ) gravel -sized pumice, white (N 8/0) and yellowish red (5\1\ 
5/6) moist (the darker colored areas above represent banding, not mixing); single grain ; loose; few fine and coarse 
roots; neutral ; abru pt smoot h boundary. . 

R 66+ em, tuff bedrock. 

16. Servilleta Series. The Servilleta series consists of moderately deep, well -drained soils 
formed in material weathered from basalt and eolian materials on nearly level to gently sloping 
mesas and lava flows (Fig. 13). Individual areas of Servilleta soils are 5 to 80 acres in size and 
may contain about 15% Prieta soils and rock outcrop. Native vegetation is blue grama, western 
wheatgrass, big sagebrush, little rabbitbush, pinon pine, and one-seed juniper. 

Typically, the surface layer is a brown ioam or silt loam about 13 cm thick . The subsoil is a 
brown to light brown clay loam about 55 cm thick, and the substratum is a pinkish white loam 
about 20 cm thick. Depth to basalt ranges from 50 to 100 em. Permeability and runoff are slow. 
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and water erosion is moderate. Availabile water capacity is moderate, and the effective rooting 
depth is 50 to 100 cm. 

The representative profile description of the Servilleta loam (1 to 5% slope) follows: 

Al 0·13 cm. brown (7.5YR 5/4) loam. dark brown (7.5YR 4/4) moist; weak fine granular structure; hard and friable 
moist. slightly sticky wet; many fine and very fine roots: common fine vertical pores; moderately alkaline; clear 
smooth boundary. 

B2lt 13·33 cm. brown (7.5YR 4/4) clay loam. dark brown (7.5YR 4/3) moist; weak medium prismatic parting to 
moderate medium subangular blocky structure; very hard and firm moist. sticky and plastic wet; many fine and 
very fine roots; common fine vertical pores; slightly calcareous: thin continuous clay films on peds; moderately 
alkaline; clear smooth boundary. 

B22t 33·53 cm. brown (7.5YR 5/4) clay loam, dark brown (7.5YR 4/4) moist; weak medium prismatic parting to 
moderate fine and medium subangular blocky structure; very hard and fum moist; sticky and plastic wet; com· 
mon very fine roots; common fine vertical pores; slightly calcareous; thick continuous clay films on peds; 
moderately alkaline; clear smooth boundary. 

B3ca 53·69 cm, light brown (7.5YR 6/4) clay loam, brown (7.5YR 4/4) moist; weak medium subangular structure; very 
hard and friable moist; slightly sticky and slightly plastic wet; common fine roots; common fine vertical pores; 
slightly calcareous; thin discontinuous clay films on peds; moderately alkaline: abrupt wavy boundary. 

Cea 69·89 cm, pinkish white (7.5YR 8/2) loam. pink (7.5YR 7/4) moist; massive; few very fine roots; slightly 
calcareous; moderately alkaline; abrupt wavy boundary. 

R 89+ cm. caliche· coated basalt. 

17. Toeal Series. The Tocal series consists of very shallow to shallow, well-drained soils 
that formed in material weathered from tuff on gently to moderately sloping mesa tops (Fig. 9). 
Individual areas of Tocal soils are 5 to 80 acres in size and include small amounts of Pogna, 
Carjo, and fine Typic Eutroboralf soils in about 15% of this mapping unit. Native vegetation is 
mainly ponderosa pine, mountain mahogany, and Kentucky bluegrass. 

The surface layer of Tocal soils is a grayish brown very fine sandy loam, sandy loam, or loam, 
about 10 cm thick. The subsoil is a reddish brown clay loam, or clay, about 15 cm thick. The sub­
stratum is a light brown silt loam about 5 cm thick and the depth to tuff and the effective rooting 
depth range from 20 to 50 cm. The permeability is moderately slow and the' available water 
capacity is low. Runoff is medium and the water erosion hazard is moderate. 

A representative profile description of Tocal very fine sandy loam (3 to 8% slope) is as follows: 

Al 0·13 cm. grayish brown (lOYR 5/2) very fine sandy loam. very dark grayish brown (10YR 3/2) moist: weak fine 
granular structure; soft; very friable moist; many fine roots: many interstitial pores; neutral: abrupt smooth boun· 
dary. 

B2lt 13·20 cm, reddish brown (5YR 5/3) clay loam, reddish brown (5YR 4/3) moist; moderate very fine subangular 
blocky structure; hard and friable moist, sticky and plastic wet: many fine roots: few very fine interstitial pores; 
thin continuous clay films on peds; neutral: abrupt smooth boundary. 

B22t 20·28 cm, dark reddish brown (5YR 5/3) clay, reddish brown (5YR 4/3) moist; moderate coarse prismatic structure 
parting to moderate medium subangular blocky structure: hard and friable moist, sticky and plastic wet: many 
medium roots: few very fine tubular pores: thick continuous dark brown (5YR 3/3) clay films on peds: neutral: 
clear smooth boundary. 

C 28·36 cm. light brown (7.5YR 6/4) silt loam. dark brown (i.5YR 4/4) moist: massive: hard and friable moist, sticky 
and plastic wet: many medium roots: few very fine tubular pores containing a few reddish brown (5"x'R ~/4) clay 
films: neutral. 

R 36+ cm. tuff bedrock. 
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18. Totavi Series. The Totavi series consists of deep. well-drained soils that formed in 
alluvium in canyon bottoms (Fig. 11) in the central and eastern portion of the soil survey area. 
Individual areas are. 2 to 60 acres in size and occur as long slender bodies . Native vegetation is 
blue grama, piiion pine, one-seed juniper, and annual grasses and forbs. 

The surface soil is a brown gravelly loamy sand, or sandy loam, to 150 cm or more, with 15-20% 
gravel. Permeability is very rapid, runoff is very slow, and the erosion hazard rating is low. The 
available water capacity is low, but the effective rooting depth is 150 cm or more. 

A typical pedon of Totavi gravelly loamy sand (0 to 5% slope) is described as follows: 

AC 0·152 cm. brown (lOYR 5/3) gravelly loamy sand, brown (i .5YR 4/4) moist: single grain: loose dry ar.d moist: few 
fine roots: 15% fine gravel: neutral. 

19. Unnamed Soils. The series name has not been used for these mapping units because of 
the limited acreage involved. 

a. Typic Eutroboralf" clayey·skeletal. The clayey-skeletal Typic Eutroboralfs consist of 
deep, well-drained soils that formed in gravelly fan material originating close to the moun­
tains. These soils occur on nearly level to moderately sloping mesas at the base of the mountains 
(Fig. 10) and the mapping units include 10% Tocal and Carjo soils. Native vegetation is mainly 
ponderosa pine, mountain mahogany, mountain muhly, and Gambel oak. 

Typically, the surface layer of these Typic Eutroboralfs is a light gray silt loam, or loam, about 
15 cm thick. The subsoil is a reddish brown and brown very gravelly or cobbly clay, or clay loam, 
to 120 cm or more. The coarse fragment content of the A and B horizons varies from 5 to 15% and 
50 to 80%, respectively. 

Permeability is slow, and available water capacity is low. The effective rooting depth is 120 cm 
or more. Runoff is slow to medium, and the erosion hazard is moderate. 

A representative profile description of Typic Eutroboralfs, clayey-skeletal (1 to 8% slope) is as 
follows: 

A2 0-15 cm, light gray (lOYR 7/2) silt loam, grayish brown (lOYR 5/2) moist : weak fine granular structure; slightly 
hard and very friable moist; common fine roots ; very fine vesicular pores ; 10% gravel; neutral; abrupt smooth 
boundary . 

AB 15-30 cm, pinkish gray (7.5YR 7/2) and reddish brown (5YR 5/4) very gravelly loam. brown (i.5YR 512) and red· 
dish brown (5YR 4/4) moist; weak fine subangular blocky structure: hard and very friable moist, slightly sticky 
and slightly plastic wet; common very fine roots: 55% medium and coarse gravel ; common fine black (5YR 2/1) 
iron and manganese concretions; medium acid ; clear smooth boundary. 

B2!t 30·46 cm, reddish brown (5YR 5/4) very gravelly clay. reddish brown i5YR 4/4) moist ; weak fine subangular 
blocky st ruct ure; hard and friable moist. sticky and plastic wet : few fine roots : i 5% gra\'el and cobble ; common 
fine black (5YR 2/1) iron and manganese concretions; thin clay films in pores and on pebbles ; medium acid: c1eaf 
smooth boundary . 

B22t 46·122 + em, brown (7.5YR 5/4) very gravelly clay. brown (i .5YR 4/4 ) moist; moderate medium subangulaf 
blocky structure; hard and friable moist , sticky and plastic wet; few fine roots; 75% gravel and cobble : thin clay 
films in pores on pebbles; medium acid. 

b. Typic Eutroboralf" fine. The fine Typic Eutroboralfs consist of moderately deep, well­
drained soils that formed in colluvium and materia l weathered from tuff. This soil type occurs 
on gently to strongly sloping mesa tops (Fig. 9) downhill from fa ult zones near the mount ains . 
About 10% of this mapping unit consists of small areas of Seaby, Carjo, and Tocal soils. Native 
vegetation is mainly ponderosa pine and li ttle bluestem. 

Typically, t he surface layer of the fine Typic Eutroboralfs is a grayish brown to very pale 
brown very fine sandy loam, or sandy loam, about 20 cm thick. The subsoil is a light reddish 
brown to yellowish red clay and sandy clay about 'j.j cm thick . The depth to tuff and the effective 
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rooting depth range from 50 to 100 cm. The available water capacity is medium in this slowly 
permeable soil. Runoff is medium, and the water erosion hazard is moderate. 

A typical pedon of Typic Eutroboralfs, fine (3 to 12% slope) may be described as follows: 

A21 0·8 cm, grayish brown (lOYR 5/2) very fine sandy loam, very dark grayish brown (lOYR 3/2) moist: weak fine 
granular structure; slightly hard and very friable moist; many fine and medium roots; few fine black iron and 
manganese concretions; neutral ; clear smooth boundary. 

A22 8·18 cm, very pale brown (lOYR 7/3) very fine sandy loam, brown (10YR 5/3) moist; weak thin platy structure; 
slightly hard and friable moist; many fme roots; 5 to 10% of the mass is coarse sand·sized glass fragments; slightly 
acid; abrupt smooth boundary. 

B21t 18·33 cm, reddish brown (5YR 4/4) clay, reddish brown (5YR 4/4) moist; moderate medium to coarse subangular 
blocky structure; hard and film moist, sticky and plaatic wet; many very fme and medium roots ; thin discon· 
tinuous clay fUme on peds; soil maaa haa 10 to 15% coarse sand·sized glass fragments; neutral; clear smooth boun· 
dary. 

B22t 33· 51 cm, yellowish red (5YR 4/6) clay, reddish brown (5YR 4/4) moist; strong medium blocky structure; hard and 
fum moist, very sticky and very plastic wet; many fine and medium roota; thick continuous clay films on peds; 
20% of the maas is coarse sand·sized glaaa fragments; many black manganese concretions; neutral; clear smooth 
boundary. 

B23t 51·94 cm, light reddish brown (5YR 6/4) sandy clay, reddish brown (5YR 4/4) moist; moderate medium subangular 
blocky structure; hard and film moist, sticky and plaatic w.et ; few fine and medium roota; thin continuous clay 
fi!ma on peds; 30% of the maaa ia coarse sand·aized glaaa framenta ; many fine and medium black manganese con· 
cretions; neutral. 

R 94+ cm, tuff'; there are clay floM, roots and oxide stains in the upper few centimeters of the tuff. 

c. Typic Eutroboralfa. fine-loamy. The fine.loamy Typic Eutroboralfs consist of deep, well· 
drained ' soils that formed in material weathered from tuff on nearly level to gently sloping mesa 
tops (Fig. 12). Individual areas of these soils are 10 to 100 acres in size and contain about 15% 
Ny jack, Hackroy, and Frijoles soils in the mapping unit. 

These soils contain a soil profile that has undergone weathering and was subsequently buried 
by a water.deposited soil layer, which was probably deposited after major faulting activity. The 
native vegetation is mainly blue grama, pinon pine, and one· seed juniper. 

The surface layer of these Typic Eutroboralfsis a very dark grayish brown loam, sandy loam, 
or very fine sandy loam, about 5 cm thick. The subsoil is a brown silt loam over a clay loam about 
55 cm thick. The substratum is a brown gravelly clay loam over reddish clay, which mayor may 
not contain pumice. Permeability is moderately slow. The available water capacity is high, and 
the effective rooting depth is 150 cm or more . Runoff is slow in this moderately slowly permeable 
soil, and t he water erosion hazard is moderate. 

A typical profile of Typic Eutroboralfs, fine· loamy (1 to 5% slope) is described as follows: 

Al 0·8 cm, very dark grayish brown (10YR 3/2) loam. very dark brown (10YR 2/2) moist; weak fine granular struc C 

ture; soft and very friable moist ; many fi ne roots ; slightly acid; abrupt smooth boundary. 

Bl 8·36 cm, brown (10YR 5/3) silt loam, dark brown (7.5YR 3/3) moist. pinkish gray (i.5YR 6/21 crushed dry: weak 
medium subangular blocky structure: slightly hard and very friab le moist: many fine roots; many ves icular pores; 
slightly acid; clear smooth boundary. 

B2t :36·64 cm. brown (7 .5YR 5/4) clay loam. dark brown (i.5YR 4/4) moist; weak medium subangular blocky struc· 
ture ; hard and fr iable moist. sticky and plastic wet; few fine roots: many ve iscular pores; thin discontinuous clay 
films on peds; slight ly acid ; clear smooth boundary. 

C 64·91 em. light brown (7.5YR 6/4) gravelly clay loam. brown (i.5YR 4/4) moist; weak fine granular structure : hard 
and friab le moist. sticky and plastic wet: few fine roots; fine gravel·sized pumice make up 45% of this horizon; 
neutrai: clear smooth boundary. 
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Imlb 91·168 cm, reddish brown, (SYR S/4) clay loam, reddish brown (5i"R 4/4) moist; massive structure; hard and 
friable moist, sticky and plastic wet ; many tubular pores; mildly alkaline; abrupt smooth boundary. 

Im2b 168·229 cm, reddish brown (SYR S/4) clay, reddish brown (SYR 4/4) moist ; strong medium angular blocky struc· 
ture ; hard and friable moist, very sticky and very plastic wet; neutral ; abrupt smooth boundary . 

Imab 229·254 cm, yellowish red (SYR 5/6) clay, yellowish red (SYR 4/6) moist; strong medium angular blocky struc· 
ture; hard and friable moist , very sticky and very plastic wet; slightly calcareous; neutral. 

R 254+ cm, tuff bedrock. 
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B. Soils Described in the Forest Service Soil Survey 

1. Abrigo Series. The Abrigo series consists of deep, well-drained soils that formed in 
material weathered from tuff. These soils are found on level to moderately sloping canyon bot­
toms (Fig. 14). Native vegetation is mainly a Douglas fir-ponderosa pine forest. 

The surface layer of Abrigo soils is typically a dark grayish brown, brown, or pale brown loam 
about 76 cm thick. The subsoil is a light yellowish brown, very pale brown, or brownish yellow 
clay loam. The depth to tuff is generally greater than 153 cm, and the effective rooting depth is 
about 116 cm. This soil type has moderate to moderately slow permeability, high available water 
capacity, moderate erodibility, and a low erosion hazard rating. 

A typical profile description of Abrigo loam (0-15% slope) is as follows: 

01,02 3·0 cm. 

All 0·14 cm, dark grayish brown (10YR 4/2) loam: very dark gray (lOYR 3/11 moist ; very fine and fine granular. 
moderate structure; nonsticky and friable moist, nonsticky and non plastic wet; 5% gravel; abundant very fine to 
fine roots; abundant very fine to fine interstitial pores; slightly acid; clear smooth boundary. 

AI2 14·55 cm, brown (10YR 5/3) loam, very dark gray (lOYR 3/ll moist; weak fine and medium blocky structure; 
moderate medium granular moist ; nonsticky and friable moist, nonsticky and nonplastic wet; 15% gravel, 10% 
cobble; abundant very fine to fine roots and plentiful medium roots ; abundant very fine and fine interstitial pores; 
slightly acid; clear smooth boundary. 

AI3 55·i6 cm, pale brown (10YR 6/3) loam, very dark grayish brown (lOYR 3/2) moist; moderate very fine and fine 
granular structure; nonsticky and friable moist. nonsticky and nonplastic wet; 5% gravel; abundant very fine and 
fine roots, plentiful medium roots; abundant very fine and fine interstitial pores; slightly acid; clear smooth boun· 
dary. 

B21t ;6·92 cm, light yellowish brown (IOYR 6/4) heavy clay loam, dark yellowish brown (lOYR 4/4) moist; plentiful 
fine and medium subangular blocky structure; hard and friable moist. very sticky and plastic wet: many 
moderately thick clay films on ped faces : 25% gravel, 20% cobble: plentiful very tine roots, few medium roots: 
plentiful very fine interstitial pores, few very fine terminal pores: neutral; clear wavy boundary. 

B22t 92·116 cm, very pale brown (10YR 7/3) heavy clay loam, dark brown (lOYR3/3) moist ; moderate fine and medium 
subangular blocky structure; hard and friable moist, very sticky and plastic wet: many moderately thick clay films 
on ped faces: 25% gravel. 20% cobble; few very fine and medium roots: plentiful very fine interstitial pores. few 
very fine terminal pores; neutral; clear irregular boundary. 

B3t 116·141 cm. brownish yellow 1l0YR 6/6) clay loam. dark yellowish brown 110YR 4/4) moist : moderate fine and 
medium subangular blocky structure: slightly hard and friable moist . sticky and slightly plastic wet : common thin 
clay films on ped faces: 25% gravel, 20% cobble: very very tine interstitial pores: neutral : clear wavy boundary. 

Cit 141·153+ cm. \'ery pale brown 1l0YR i/3) heavy clay loam. dark brown (lOYR 3/3) moist : moderate fine and 
medium suban;:ular blocky structure: slightly hard and friable moist . slightly sticky and slightly plastic wet: com· 
mon thin clay films on ped faces: 25% gravel. 25% cobble: plentiful very fine interstitial pores : neutral. 

2. Amstead Series. The Amstead series consists of deep. well-drained soils that formed in 
materials weathered from dacites, latites, andesites, and rhyolites of the Tschicoma Formation. 
These soils are found on level to moderately sloping mountain sideslopes (Fig. 15). Native 
vegetation is mainly a Douglas fir· ponderosa pine forest. 

The surface layer of Armstead soils is typically a light brownish gray loam about 6 em thick . 
The subsoil is a grayish brown, very pale brown. or pink clay loam or clay. about 1-!6 cm thick. 
The effective rooting depth is about 50 em, and the soil has a moderate available water capacity. 
This soil type has slow to moderate permeability. moderate erodib ili ty. and a low erosion hazard 
rating. 

A typical profile description of Armstead loam (Q·15% slope) is as foll ows: 

i 
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01.02 2-0 .cm. 

Al 0-6 cm. light brownish gray (lOYR 6/2) loam. dark brown (lOYR 3/3) moist; weak fine and medium platy struc· 
ture; nonsticky and friabie moist. nonsticky and non plastic wet; abundant veT!' fine to fine roots. plentiful 
medium roots. few coarse roots; abundant veT!' fine and fine interstitial pores; neutral; clear smooth boundary . 

Bl 6·2; cm. grayish brown (IOYR 5/:2) light clay loam. dark brown (lOYR 3/3) moist; weak fine and medium sub· 
angular blocky structure. moderate very fine and fine granular stru'cture ; nonsticky and friable moist. slightly 
sticky and slightly plastic wet; 5% gravel; plentiful very fine. fine. and medium roots. few coarse roots; plentiful 
very fine and fine interstitial pores; neutral ; clear smooth boundary . 

B21t 27-.52 em. very pale brown (lOYR 8/4) heavy clay loam. yellowish brown (lOYR 5/4) moist : stron!! fine and 
medium subangular blocky structure: hard and firm moist. sticky and plastic wet; few thin clay films on ped 
faces ; 5% gravel: few very fine. fine . and medium roots; plentiful very fine and fine terminal pores; neutral : 
abrupt smooth boundary. 

B22t 52-87 cm. pink (i.5YR i/4) clay. pink (i .5YR 5/4) moist; strong medium and coarse angular blocky structure : 
very hard and firm moist . sticky and plastic wet : many moderately thick clay films on ped faces : 10% gravel : 
plentiful fine· and medium terminal pores ; neutral ; clear wavy boundary. 

B23t 87-120 em. pink (;.5YR i/4) clay. pink C7.5YR 5/4) moist; strong fine to medium angular blocky structure ; veT!' 
hard and firm moist. sticky and plastic wet; many thick clay films on ped faces; 10% gravel. 5% cobble and 5% 
stone; few \'ery fine and fine terminal pores; neutral; clear wavy boundaT!· . 

B24t 120-152+ cm. pink (i.5YR 7/4) clay. pink (';' .5YR 5/4) moist; strong fine and medium angular blocky struct.ure : 
very hard and firm moist . sticky and plastic wet; many thick clay films on ped faces: 20% gravel. 5% cobble. 15% 
stone; plentiful very fine and fine terminal pores; neutral. 

3. Arriba-Copar Complex. The soils in this complex are deep (Arriba series) to moderately 
deep (Copar series) well-drained soils that formed on level to moderately sloping mesa tops 
(Fig. 16) with tuff as the parent material. The native vegetation of this complex is a ponderosa 
pine forest. 

The surface layer of the Arriba soils is a grayish brown or light gray loam about 40 cm thick 
with a reddish yellow clay or clay loam subsoil about 90 cm thick. Depth to tuff and the effective 
rooting depth are about 130 cm. The Arriba soils in this complex have slow to moderate per­
meability, high available water capacities, a moderate erodibility index, and a low erosion 
hazard rating. 

A typical profile of the Arriba loam (9% slope) in this complex is as follows: 

01.02 3-0 cm. 

All 0-8 em. grayish brown (lOYR ,5/2) loam . very dark gray (JOYR 3/ ll moist: moderate fine and medium platy struc· 
ture: nonsticky and friable moist. slightly sticky and slightly plastic wet; 5% gravel; abundant medium. coarse . 
very fine. and fine roots; abundant veT!' fine and fine interstitial pores: neutral; abrupt smooth boundary . 

A12 8-24 cm. light gray (lOYR 7/2) loam. brown (lOYR 4/3) moist; moderate fine and medium subangular blocky struc· 
ture : nonsticky and friable moist, sticky and slightly plastic wet; 5% gravel : abundant medium and coarse roots . 
plentiful very fine and fine roots; plentiful very fine and fine terminal and interstitial pores ; neutral; clear smooth 
boundary. 

A2 24-39 cm. light gray (IQYR 7/2 ) loam. brown (10YR 4/3) moist; weak fine and medium platy structure: nonsticky 
and friab le moist. slightly st icky and slightly plastic wet: 10% grave l. 5% cobble: plentiful medium. very fine . and 
fine roots . few coarse roots: plentiful very fine and fine terminal pores. plentiful fine and medium interstitia l pores: 
neutral : abrupt wav)' boundary. 

B2t :19 -B1 cm. reddish yellow (';' .5YR 6/81 clay . st rong bl'OII."I1 (; .5YR .5/61 moist: st rong medium angu lar blocky 5truc· 
ture: extremely hard and very firm moist . st icky and \'ery plastic wet: continuous moderatel~' thiCK clav film 5 0 11 

ped faces: 5% jrravel. 10% cobble. 5% stone: few medium and coarse roots, plentiful vel" iine and fine roots: few 
\'el" fine terminal pores. plentiful very fine and fine interstitial pore~ : neutral: clear wav~' boundary . 
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B3t 81·126 cm, reddish yellow (5YR 6/6) clay loam. yellowish red (5YR 5/6) moist; moderate fine and medium sub· 
angular blocky structure: slightly hard and friable moist, sticky and plastic wet; common moderately thick clay 
films on ped faces; 10% gravel, 30% cobble. 20% stone; few medium, very fine, and fine roots; plentiful very fine, 
and fine interstitial pores; mildly alkaline; clear wavy boundary. 

R 126+ cm. fractured tuff bedrock. 

The surface layer of the Copar soils is generally a light brownish gray or light gray sandy loam 
about 30 cm thick, with an underlying very pale brown loamy sand substratum about 35 cm 
thick. Depth to tuff bedrock and the effective rooting depth are typically about 70 cm. The Copar 
soils in this complex have moderate to very rapid permeability, very low available water 
capacities, moderate erodibility, and a low erosion hazard rating. 

A typical profile of the Copar sandy loam (i% slope) in this complex is described as follows: 

01.02 3·0 cm. 

All 0·19 cm, light brownish gray (lOYR 6/2) sandy loam, very dark grayish brown (lOYR 3/2) moist; moderate fine and 
medium platy structure; nonsticky and friable moist, slightly sticky and slightly plastic wet; 5% gravel, 5% cob· 
ble: plentiful medium and coarse roots, abundant very fine and fine roots; plentiful fine and medium terminal 
pores, plentiful very fine and fine interstitial pores; neutral; clear wavy boundary. 

A12 19·32 cm, light gray (10YR 7/2) sandy loam, very dark grayish brown (lOYR 3/2) moist; weak very fine and fine 
granular structure; nonsticky and friable moist, nonsticky and nonplastic wet; 40% gravel, 10% cobble: abundant 
medium, very fine. and fine roots, plentiful coarse roots; abundant very fine and fine interstitial pores; neutral; 
clear wavy boundary. . 

CI 32·54 cm, very pale brown (lOYR 7/4) loamy sand, dark yellowish brown (10YR 4/4) moist; massive structure; non· 
sticky and friable moist, nonsticky and nonplastic wet; 60% gravel. 20% cobble; plentiful medium and coarse roots. 
abundant very fine and fine roots, abundant very fine and fine interstitial pores; neutral; clear wavy boundary. 

C2 54·67 cm. very pale brown (lOYR 7/4) loamy sand, dark yellowish brown (lOYR 4/4) moist; massive structure; non· 
sticky and friable moist, nonsticky and non plastic wet; 70% gravel, 20% cobble; plentiful medium. coarse, very 
fine, and fine roots; abundant very fine and fine interstitial pores; mildly alkaline; clear wavy boundary. 

R 67+ cm. tuff bedrock. 

4. Atomic-Korral Complex. The soils in this complex consist of moderately deep soils that 
formed in materials weathered from tuff on level to moderately sloping mesa tops (Fig. 17). 
Native vegetation is typically pition.juniper woodland. 

The surface layer of Atomic soils is typically a very pale brown or white lqam, or sandy loam, 
about 40 cm thick. The subsoil is a I5·cm thick very pale brown light clay loam. The depth to 
bedrock and the effective rooting depth are about 60 cm. This soil has moderately slow to 
moderately rapid permeability, very low available water capacity, moderately high erodibility, 
and a low erosion hazard rating. 

A typical profile of Atomic loam (5% slope) is described as follows: 

All 0·6 em, very pale brown (lOYR 7/4) loam, brown (10YR 4/3) moist; weak medium platy structure: nonsticky and 
very friable moist. nonsticky and slightly plastic wet; 5% gravel; abundant very fine and tine roots: abundant very 
fine interstitial pores: mildly alkaline: clear smooth boundary. 

A 12 6·29 em. very pale brown nOYR 7/3) sandy loam. pale brown (lOYR 6/.'3) moist; weak fine and medium subangular 
blocky structure: nonsticky and friable moist. nonsticky and non plastic wet: 5% gravel: plentiful medium and 
coarse roots. abundant \'ery fine and fine roots: plentiful very fine and fine interstitial pores; neutral; clear smooth 
boundary. 

A3 29·41 em. white (lOYR 8/2) sandy loam. pale brown (lOYR 6/3) moist: weak fine and medium 5ubangular blocky 
structure: nonsticky and friable moist. nonsticky and slightly plastic wet: 5% grave!: few coarse roots. plentiful 
medium roots and abundant very fine and flne roots; plentiful very fine and tine terminal pores: neutral: clear wavy 
boundary. 



B2t 41·58 cm. very pale brown (10YR 7/3) light clay loam. brown (lO'{R 4/3) moist: moderate fine and medium sub· 
angular blocky structure; slightly hard and friable moist. slightly sticky and slightly plastic wet; many thin clay 
films on ped faces; 5% gravel. 5% cobble; plentiful medium. coarse. very fine and fine roots: plentiful very fine and 
fine terminal pores; neutral; clear wavy boundary. 

R 58+ cm. tuff bedrock. 

The surface layer of Korral soils is generally a light brownish gray fine sandy loam. or sandy 
loam. about 15 cm thick. The subsoil is a reddish yellow clay loam. or loam. about 30 cm thick. 
The effective rooting depth and the depth to tuff are about 50 cm. The Korral soil associated 
with this complex. has moderately slow to moderately rapid permeability. very low available 
water capacity. moderate erodibility. and a low erosion hazard rating. 

A typical profile of Korral fine sandy loam (5% slope) is as follows: 

Al 0·12 cm. light brownish gray (lOYR 6/2) fine sandy loam. dark yellowish brown (lOYR 4/4) moist; moderate fine 
and medium granular structure; nonsticky and friable moist. nonsticky and slightly plastic wet; 5% gravel; abun· 
dant very fine and fine roots; abundant very fine and fine interstitial pores; neutral; abrupt smooth boundary. 

A2 12·17 cm. light brownish gray (lOYR 6/2) sandy loam. brown (lOYR 4/3) moist: weak fine and medium subangular 
blocky structure; nonsticky and very friable moist. nonsticky and slightly plastic wet; 5% gravel: abundant very 
fine and fine roots. plentiful medium and coarse roots; plentiful very fine and fine interstital pores; neutral; abrupt 
wavy boundary. 

B2t 17·36 cm, reddish yellow (7.5YR 6/6) heavy clay loam, brown (7.5YR 4/4) moist: strong fine to medium subangular 
blocky structure: hard and firm moist, sticky and plastic wet; many moderately thick clay films on ped faces; 5% 
gravel, 5% cobble, 5% stone; few very fine and fine roots; plentiful very fine and fine interstitial pores: neutral: clear 
wavy boundary. 

B3 36·47 'em, reddish yellow (7.5YR 7/6) heavy loam. strong brown (7.5YR 5/6) moist: weak fine and medium sub· 
angular blocky structure; nonsticky and friable moist, slightly sticky and slightly plastic wet: 20% gravel. 30% cob· 
ble, 30% stone; few very fine and fine roots; plentiful very fine and fine interstitial pores; moderately alkaline: clear 
wavy boundary. 

R 47+ cm, tuff bedrock. 

5. Barrancas-SanjueQJemell Complex. The soils in this complex consist of moderately 
deep (Barrancas and Jemell soils) to deep (Sanjue soils). well-drained soils that formed in 
materials weathered from either pumice (Barrancas and Sanjue soils) or tuff (Jemell soils). This 
soil complex is found on level to moderately sloping mesa tops (Fig. 18) where the native vegeta­
tion is typically a ponderosa pine forest. 

The surface layer of Barrancas soils is generally a light brownish gray or light gray loam about 
30 cm thick. The subsoil is about 70 cm thick and consists of a pale brown or light yellowish 
brown clay loam underlaid by a very pale brown loamy sand substratum. The depth to un­
weathered pumice and the effective rooting depth are about 100 cm. This soil series has 
moderate permeability, low available water capacity. moderately high erodibility. and a low ero­
sion hazard rating. 

A typical profile of Barrancas loam (3% slope) is described as follows: 

01 3·0 cm. 

Al 0·5 em. light brownish gray (lOYR 6/2) loam. dark grayish brown (lOxn 4/2) moist: modera.te very fine and fine 
granular structure; nonsticky and very friable moist. non sticky and slightly plastic wet; 10% gravel: abundant very 
fine and fine roots; abundant very fine and fine interstitial pores; neutral: gradual smooth boundary. 

A2 5·33 em. light gray (lOYR 7/2) loam. bro""" (IO'lR 4/3) moist; moderate fine and medium granular structure: non­
sticky and very friable moist. nonsticky and slightly plastic wet: 25% gra.vel: plentiful very fine. fine and medium 
roots; abundant very fine and fine interstitial pores; neutral: gradual smooth boundary. 
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82t 33· j ~ cm. pale brown \lOYR 6/3) heavy clay loam. brown (lOYR 5/3) moist: moderate tine and medium subangular 
blocky structure: hard and firm moist .• ticky and plastic wet: many moderately thick clay films on ped faces: .10% 
gTavel: few very line and medium roots: plentiful very fine and fine terminal pores; neutral: gTadual smooth boun· 
dary. 

B3t 7~-99 cm. light yellowish brown (lOYR 6/4) heavy clay loam. dark yellowish brown (lOYR "14) moist; weak fine and 
medium subangular blocky structure: hard and firm moist. sticky and plastic wet: common moderately thick clay 
films on ped faces: 50% gravel: few very fine roots: plentiful fine terminal pores: neutral; gradual smooth boundary. 

Cl 99·152+ cm. very pale brown (lOYR i/4) loamy sand (unweathered pumice). browni~h yellow (lOYR 6/6) moist: 
massive structure; loose and moist. nonsticky and non plastic wet: 80% gravel: abundant very line and tine in· 
terstitial pores; neutral. 

The surface layer of Sanjue soils is typically a gray or grayish brown very gravelly loam about 
25 cm thick underlaid by a pumice-rich substratum, which is about 130 cm thick. Depth to un· 
weathered pumice and the effective rooting depth are about 50 cm. The Sanjue soils in this com· 
plex have moderate to very rapid permeability, very low available water capacities, moderate 
erodibility, and lowerosion hazard ratings. 

A typical profile of Sanjue very gravelly loam (18% slope) is described as follows: 

01,02 3·0 cm. 

All 0·8 cm. gray (lOYR 5/ll very gTavelly loam. very dark gTay (lOYR 3/1) moist: weak very fine and fine granular 
.tructure: nonsticky and friable moist. nonsticky and non plastic wet: 50% gTavel: abundant fine and very fine 
roots. few medium roots: abundant very fine and fine interstitial pores: neutral: abrupt smooth boundary. 

A12 8·25 cm. grayish brown (lOYR 5/2) very gravelly loam. dark grayish brown (10YR "/2) moist; weak tTne and 
medium gTanuiar structure; non sticky and friable moist. nonsticky and nonplastic wet: .50~~ gravel. 5% cobble; 
plentiful very fme. fine. and medium rQC?ts. few coane roots; abundant very fine and fine interstitial pores; 
neutral; clear smooth boundary. 

Cl 25·51 cm. single grain structure: loose and very friable moist. nonsticky and non plastic wet; 80% gravel. 5% cob· 
ble; few very fine. fine. medium and coarse roots; abundant fine and medium interstitial pores:. gradual ~mooth 
boundary. 

C2 51·152+ cm. single grain structure; loose and very friable moist. nonsticky and nonplastic wet; 90% gravel. ·5% 
cobble. 

The Jemell soil's surface layer is usually a light brownish gray or light gray fine ~andy loam 
about 15 cm thick. The subsoil is about 25 em thick and consists of a reddish brown clay loam 
underlaid by a reddish brown substratum about 50 cm thick. The depth to tuff and the effective 
rooting depth are about 140 cm. The Jemell soils have moderately rapid to moderately slow per· 
meability, moderate available water capacity. moderate erodibility. and a low erosion hazard 
rating. 

A typical profile of Jemell fine sandy loam (9% slope) is described as follows: 

01 3·0 em. 

Al 0·5 em. light brownish gray (10YR 6/21 tine sandy loam. very dark grayish brown (10YR :)12) moist: weak finl' and 
medium platy structure: nonsticky and friab le moist. nonstieky and non plast ic wet: 5% gra\'e l: abundant \'ery tine 
roots: abundant medium interstitial pores; neutral: clear smooth boundary . 

A2 5·13 cm. light gray i lOYR i/2) fine sandy loam. brown (10YR 5/3 ) moist: weak fine mban!llJ lar blocky s:ructur~: 
nonst icky and friable moist. nonst icky and nonplastie wet: 5% gTave l: plentiful very tine and tine roo ts: abundant 
medium interstitial pores. very fine interstitial and terminal pores: neutral: abrupt irregular boundary. 

B2t 13·36 cm. reddish brolVn 15YR 4/31 c1av loam. dark reddish brown i5'iR :3,':3) r.:oist: moderate fine and medium 
pri.matic and subanguiar biocky strueiure: hard and fi rm moist .• ticky and pia~tic wet: many moderately thick 
clay t:ims on ped faces and in intel'5titial pores: ,j "'. gra\'ei: aoundant tine and medium roots. tel\' coarse roots: 
abundant \'ery fine interstitial pores: neutral: aorupt irreg'.liar hound8J'\·. 
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Cit 36·86 cm. reddish brown (5YR 5/3) light day loam. reddish brown (5YR 4/4) moist; massive structure: hard and 
firm moist. sticky and plastic wet: many thin clay films in interstitial pores; few fine and medium roots; plentiful 
very fine interstitial pores; neutral. 

R 86·137+ cm. white (7.5YR 8/0) tuff bedrock. brown (7.5YR 5/2) moist; seams of clay extending into the tuff frac· 
tures. 

6. Boletas~Rock Outcrop Complex. The Boletas series in this complex consists of deep well­
drained soils found on very steep to extremely steep mountain sides lopes (Figs. 18 and 19). The 
rocks of the Rock Outcrop portion of this complex consist of rhyolites of the Tschicoma Forma­
tion, ~hich also make up the parent materials of the Boletas soils. The native vegetation of this 
complex is a pinon-juniper woodland. 

The surface layer of Boletas soils is a pale brown or very pale brown loam about 20 cm thick. 
The subsoil consists of a light brown or reddish yellow, clay or clay loam, about 76 cm thick, un­
derlaid by a reddish yellow clay loam substratum about 30 cm thick. The depth to bedrock and 
the effective rooting depth are about 120 cm. The Boletas soils have slow to moderate per­
meability, high available water capacity. moderate erodibility, and a moderate erosion hazard 
rating. 

A typical profile of Boletas stony loam (43% slope) is described as follows: 

All 0·5 cm. pale brown (lOYR 6/3) stony loam. dark brown (lOYR 3/3) moist; moderate very fine granular structure; 
nonsticky and friable moist. nonsticky and slightly plastic wet; 15% gravel. 20% cobble. lO% stone; plentiful very 
fine and fine roots; abundant very fine and fine interstitial pores; strongly alkaline; abrupt smooth boundary. 

A12 5·8 cm. very pale brown (lOYR 7/3) loam. yellowish brown (lOYR 5/4) moist; moderate fine and medium granular 
structure; nonsticky and friable moist. slightly sticky and slightly plastic wet; 15% gravel. 30% cobble; plentiful 
very fine and fine roots. few medium roots; abundant very fine and fine interstitial pores; strongly alkaline; clear 
smooth boundary. 

B21t 18·33 cm. light brown ii.5YR 6/4) clay, reddish yellow (7.5YR 6/6) moist; strong fine and medium angular blocky 
structure; hard and firm moist. sticky and plastic wet; many thin clay films on ped faces; 20% gravel, 10% cobble; 
few very fine, fine, medium. and coarse roots; plentiful very fine and fine terminal pores; strongly alkaline; clear 
smooth boundary. 

B22t 33·5S cm. light brown (7.5YR 6/4) clay. reddish yellow (7.5YR 6/6) moist; moderate fine and medium angular 
blocky structure; hard and firm moist. sticky and plastic wet; many moderately thick clay films on ped faces: 20% 
gravel. 10% cobble. 50,'" stone; few very fine and fine roots; few fine terminal pores: moderately alkaline; clear 
smooth boundary. 
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5S·94 cm. reddish yellow (5YR 6/6) heavy clay loam. reddish yellow (5YR 6/S) moist; weak fine and medium sub· 
angular block~' structure; hard and firm moist. sticky and slightly plastic wet: many moderately thick clay films 
on ped faces; 20% gravel. 30% cobble. 10% stone: few very fine and fine roots: few fine terminal pores: moderately 
alkaline: gradual smooth boundary. 

94·122 em. reddish vellow (5YR 6/6) c1av loam. reddish vellow (5YR 6/S) moist; massive structure: hard and firm 
moist, sticky and pl~stic wet; many mod~rately thick clay films in interstitial pores: 10% gravel. 30% cobble. 40% 
stone; few very fine roots; few very fine interstitial pores: moderately alkaline. 

122+ em. rhyolite bedrock. 

7. Cabra Series. The Cabra soils are classified into two mapping units on the basis of 
slope: Cabra stony loam. 0-15% slope (level to moderately sloping land) and Cabra stony loam, 
16-40% slope (moderately steep to very steep landl. Both mapping units are deep soils formed in 
materials weathered from dacites and latites of the Tschicoma Formation and found on moun· 
tain sideslopes with ponderosa pine vegetation (Figs. 15 and 19). 

The surface layer of the Cabra series found on 0-15% slopes is typical!~' a gray clay loam about 
5 em thick. The subsoil of this mapping unit is usually about 60 em thick and consists of a light 
yellowish brown, reddish yellow, or pink clay loam. clay, or sandy loam. The substratum consists 
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of a reddish yellow loamy sand about 55 cm thick. This soil has slow to moderately slow per­
meability, low available water capacity, moderate erodibility, and a low erosion hazard rating . . 

A typical profile of Cabra stony clay loam (0·15% slope) is described as follows: 

01.02 2-0 cm. 

Al 0-6 cm. gray (IOYR 6/1) stony light clay loam, very dark gray (lOYR 3/1) moist; weak medium platy structure; 
nonsticky and very friable moist , sticky and slightly plastic wet; 10% gravel. 10% cobble. 15% stone; abundant 
very fine and fine roots ; abundant very fine and fine interstitial pores; neutral; abrupt wavy boundary. 

BI 6-23 cm. light yellowish brown (IOYR 6/4) stony light clay loam, dark yellowish brown (IOYR 4/4) moist; 
moderate fine and medium subangular blocky structure; nonsticky and friable moist , very sticky and slightly 
plastic wet; 10% gravel, 10% cobble, 15% stone; abundant very fine and fine roots, plentiful medium and coarse 
roots; abundant very fine and fine terminal pores; neutral; clear wavy boundary. 

B2t 23-39 cm. reddish yellow (7.5YR 7/6) stony clay. brown (7.5YR 5/4) moist; strong medium angular blocky struc· 
ture; hard and firm moist, sticky and plastic wet ; many moderately thick clay films on ped faces; to% gravel. 20% 
cobble. 20% stone; plentiful very fine and fine roots, abundant medium and coarse roots; plentiful very fine and 
fine interstitial pores; mildly alkaline; clear wavy boundary. 

B3t 39-67 cm, pink (7 .5YR 7/4) stony sandy loam. strong brown (7.5YR 5/6) moist; weak fme and medium sub· 
angular blocky structure; slightly hard and friable moist. slightly sticky and nonplastic wet; common thin clay 
films on ped faces; 25% gravel. 25% cobble, 20% stone; plentiful very fme. fine , medium. and coarse roots ; plen: 
tiful very fine and fine interstitial pores; mildly alkaline; clear wavy boundary. 

Cit 67-93 cm. reddish yellow (7.5YR 8/6) stony loamy sand. reddish yellow (7.5YR 6/6) moist ; massive structure; 
slightly hard and friable moist. nonsticky and non plastic wet; few thin clay films on ped faces ; 20% gravel. 25% 
cobble. 30% stone; few very fine and fine roots. plentiful medium and coarse roots; plentiful very fine and fine in· 
terstitial pores; moderately alkaline; clear irregular boundary. 

C2 93-123 cm. reddish yellow (7.5YR 7/6) stony loamy sand. strong brown (7.5YR 5/8) moist ; massive structure; 
nonsticky and friable moist. nonsticky and non plastic wet; 20% gravel , 30% cobble, 40% stone; plentiful very 
fine and fine interstitial pores; strongly alkaline; clear irregular boundary. 

R 123+ cm. dacite bedrock. 

The Cabra series with 16·40% slopes generally has a brown, pinkish gray, or light brownish 
gray sandy loam surface soil about 35 cm thick. The subsoil of this' mapping unit is a light brown, 
pinkish gray, brown, or strong brown clay loam or clay. Depth to dacite and latite bedrock and 
the effective rooting depth are greater than 150 em. This soil has moderate to slow permeability 
and high available water capacity. 

A typical profile of Cabra stony loam (16·40% slope) is described as follows: 

01.02 4-0 cm. 

A t 0-13 cm. brown (7.SYR 5/2) stony fine sandy loam. brown (7.5YR 4/2) moist; weak fine and medium plat y struc­
ture; moderate fi ne granular st ructure; sticky and friable moist. nonsticky and non plastic wet; 10% gravel. 10% 
cobble. 5% stone; a bundant very fine. fine, medium. and coarse roots; abundant very fine and fi ne in tersti t ial 
pores; neutral ; abrupt wavy boundary. 

A21 13-23 cm. pinkish gray (10YR 6/2) stony very fine sandy loam. gray brown (tOYR 512 ) moist; weak fi ne and 
medium subangular blocky structure; slight ly hard and firm moist. slight ly st icky and non p lastic wet; 10% gravel. 
10% cobble. 5% stone; abundant very fine. fine, medium . and coarse roots; plentiful very fine and fine inters t itial 
pores. plentiful fine and medium terminal pores ; neutral; clear wavy boundary. 

A22 23-34 cm. light brownish gray (IOYR 6/2) stony very fine sandy loam. pale brown (IOYR 6/3) moist; weak fine and 
medium subangular blocky structure; slightly hard and friab le moist. slightly sticky and non plastic wet: 10% 
gravel. 10% cobble. 5% stone ; plentifu l very fine and fine roots. abundant medium and coarse roots: moderate 
very fine and fine interstitial pores. moderate fine and medium termina l pores; neutral; clear wavy boundary. 
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Blt 34·50 em, light brown (7 .5YR 6/4) heavy clay loam, brown (i .5YR 5/4) moist ; moderate fine subangular blocky 
structure; slightly hard and friable moist , sticky and slightly plastic wet; common thin clay films on ped faces; 
15% gravel, 15% cobble, 5% stone; plentiful very fine and fine roots, abundant medium and coarse roots; plentiful 
very fine and line interstitial pores, plentiful fine and medium terminal pores; neutral ; clear wavy boundary . 

B2lt 50·64 em, pinkish gray (7 .5YR 6/2) heavy clay loam, brown (i.5YR 5/4) moist; moderate fine and medium sub· 
angular blocky structure; hard and firm moist, sticky and plastic wet ; many moderately thick clay films on ped 
faces; 10% gravel, 20% cobble, 5% stone ; plentiful very fine , fine. and coarse roots, abundant medium roots ; plen· 
tiful very fine and fine interstitial pores; neutral ; clear wavy boundary . 

B22t 64· 104 em, brown (7.5YR 5/4) heavy clay loam, brown (7.5YR 4/4) moist; moderate fine and medium subangular 
blocky structure; hard and firm moist. st icky and plastic wet ; many moderately thick clay films on ped faces; 20% 
gravel, 15% cobble, 10% stone; plentiful very fine , fine, and medium roots, few coarse roots; few very fine and fine 
interstitial pores; neutral; abrupt wavy boundary. 

B23t 104·150+ em, strong brown (7.5YR 5/6) clay, brown (7 .5YR 4/4) moist ; moderate very fine and fine angular blocky 
structure; hard and firm moist, sticky and plastic wet; continuous moderately thick clay films on ped faces ; 10% 
gravel, 20% cobble, 5% stone; few very fine, fine, medium and coarse roots ; few very fine and fine interstitial 
pores; neutral. 

8. Comada-Bayo Complex. The soils in this complex are deep well·drained soils that for· 
med on level to moderately sloping mesa tops (Fig . 17) with either tuff (Comada series) or 
pumice (Bayo series) as parent materials. The dominant native vegetation of this soil complex is 
a piiion-juniper woodland. 

The surface layer of the Comada soils is typically a light brown very fine sandy loam about 10 
cm thick. The subsoil is generally a brown or light brown silty clay, clay, clay loam, or sandy clay 
loam about 80 cm thick, underlaid by a very pale brown sandy loam substratum about 35 em 
thick. The depth to tuff bedrock and the effective rooting depth are about 120 cm. The Com ada 
soils in this complex have slow to moderate permeability and moderate available water capacity. 

A typical profile of Comada very fine sandy loam (4% slope) is described as follows: 

Al 0·8 cm, light brown (7.5YR 6/4) gravelly very fine sandy loam. brown (7.5YR 5/4) moist; moderate fine and 
medium platy structure; nonsticky and friable moist. nonsticky and nonplastic wet; 15% gravel; few medium 
roots, plentiful very fine and fine roots ; abundant very fine and fine interstitial pores; mildly alkaline; abrupt 
smooth boundary. 

Bl 8·15 em, brown (i.5YR 5/41 silty clay loam. brown (i .5YR 4/4) moist ; moderate fine and medium subangular 
blocky structure ; slightly hard and friable moist . sticky and plastic wet; 10% gravel ; few coarse roots. plentiful 
very fine and fine roots ; plentiful very fine and fine interstitial pores ; neutral; abrupt smooth boundary. 

B2lt 15·41 cm, brown (7.5YR 5/4) clay, brown (7.5YR 4/4) moist; strong fine and medium prismatic structure ; hard and 
firm moist; sticky and plastic wet ; common moderately thick clay films on ped faces ; plenti ful medium and coarse 
roots, few very fine and fine roots; plentiful fine and medium interstit ial pores; moderately alkaline ; abrupt 
smoot h boundary. 

B22 41·56 cm, light brown (7.5YR 6/4 ) heavy clay loam, brown (i.5YR 5/4) moist ; st rong medium angular blocky st ruc · 
t ure; hard and fi rm moist, sticky and plastic wet ; 10% gravel ; few very fine and fi ne roots; plent iful very fine and 
fine interstitia l pores; strongly alkaline; clear wavy boundary. 

B3 56·86 em, light brown (7 .5YR 6/4) gravelly sandy clay loam, brown (7 .5YR 4/4) moist; moderate fine and medium 
angular blocky structure; hard and film moist. slightly sticky and slightly plastic wet; 15% gravel; few very fine 
and fine rootS; plentiful very fine and fine terminal pores ; strongly alkaline; clear wavy boundary . 

Cl 86·122 cm. very pale brown (10YR i/3) gravelly sandy loam. yellowish brown (lOYR 5/4 1 moist; massive structure; 
nonsticky and friab le moist . nonst icky and nonpla~tic wet; 20% gravel; few very fine. fine. and medium roots: 
abundllnt very fine and fine terminal pores; strongly alkaline; clear wavy boundary . 

R 122+ cm. tuff bedrock. 
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The surface layer of the Bayo soils is typically a pale brown or light gray very gravelly loam; or 
sandy loam, about 30 cm thick. The substratum is greater than 120 cm thick and consists of a 
very pale brown or white, very gravelly loamy sand or sand with a high pumice content. The 
Bayo soils in this complex have moderate to very rapid permeability and a very low available 
water capacity, with an effective rooting depth of greater than 150 cm. 

A typical profile of the Bayo very gravelly loam (15% slope) is described as follows: 

All 0·15 cm, pale brown (IOYR 6/3) very gravelly loam, dark grayish brown (lOYR 4/2) moist; moderate very fine and 
fine granular structure; sticky and friable moist, nonsticky and nonplastic'wet; 60% gravel; few medium and coarse 
roots, abundant very fine and fine roots; abundant very fine and fine interstitial pores; neutral; clear smooth boun· 
dary. . 

Al2 15·30 cm. light gray (lOYR 7/2) very gravelly sandy loam, brown (lOYR 4/3) moist; moderate very fine and fine 
granular structure; sticky and friable moist, nonsticky and nonplastic wet; iO% gravel; few coarse roots, abundant 
medium, very fine, and fine roots; abundant very fine and fine interstitial pores: neutral; clear smooth boundary. 

CI 30·48 cm, very pale brown (IOYR 7/3) very gravelly loamy sand, yellow (lOYR 7/6) moist; massive structure; sticky 
and friable moist, nonsticky and non plastic wet; 80% gravel; few coarse roots, plentiful medium roots, abundant 
very fine and tine roots; abundant fine and medium interstitial pores; neutral; gradual irregular boundary. 

C2 48·152+ cm, white (lOYR 8/ll very gravelly sand (pumice); massive structure; 95% gravel; few very fine and fine 
roots, plentiful medium and coarse roots; abundant fine, medium. and coarse interstitial pores. 

9. Cuervo Series. The Cuervo soils are classified into two mapping units on the basis of 
slope, as with the Cabra soils: Cuervo gravelly loam, 0-15% slope (level to moderately sloping 
land) and Cuervo gravelly loam, 16-40% slope (moderately steep to very steep land). Moderately 
deep soils forming on mountain sideslopes in tuff make up both mapping units, which are found 
in a Douglas fir-Engelmann spruce forest (Fig. 14). 

The Cuervo soil series found on 0-15% slopes typically has a gray or light gray gravelly loam or 
sandy loam topsoil about 40 cm thick. The subsoil is about 30 cm thick and consists of a very 
pale brown sandy loam, with a depth to tuff bedrock and an effective rooting depth of about 70 
cm. This soil has moderate to moderately rapid permeability, very low available water capacity, 
moderate erodibility, and a low erosion hazard rating. 

A typical profile of Cuervo gravelly loam (12% slope) is described as follows: 

01,02 ;·0 cm. 

AI . 0·10 em. gray (lOYR 6/1) gravelly loam. very dark grayish brown (lOYR 3/2 ) moist ; weak medium and coarse platy 
structure; nonsticky and friable moist, slightly sticky and non plastic wet: 25% gravel; abundant very fine. fine, 
medium and coarse roots; abundant very fine and fine interstitial pores; slightly acid; clear smooth boundary. 

A2 10·:39 cm. light gray (lOYR 7/2) coarse sandy loam . dark brown (lOYR 3/3) moist; weak medium subangular blocky 
structure; nonsticky and friable moist. slightly sticky and non plastic wet : 35% gravel. 5% cobble: abundant very 
fine and fine roots. plentiful medium and coarse roots; abundant very fine and fine interstitial pores; neutral: clear 
wavy boundary. 

82 39·71 cm. very pale brown (10YR 7/4) coarse sandy loam. brown (lOYR 4/3) moist: weak tine and medium sub· 
a ngular blocky structure; nonsticky and fri able moist. slightly sticky and non plastic wet; 30% gravel. 15% cobble. 
15% stone; plentiful very fine. tine. and medium roots; plenti ful very fine and fine interstitial pores; s lightly acid; 
clear wavy boundary. 

R 71 + em. densely we lded tuff bedrock. 

The Cuervo soils on 16-40% slopes generally have a grayish brown loam topsoil about 5 cm thick. 
The subsoil consists of a light brownish gray or pale brown clay loam. loam, or si lt loam about 95 
cm thick. The depth to densely welded tuff and the effective rooting depth are about 100 cm. 
This soil has moderate to moderately slow permeability. moderate available. water capacity, 
moderate erodibility. and a moderate erosion hazard rating. 
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A typical profile of Cuervo gravelly loam (18% slope) is described as follows : 

01,02 7-0 cm, abrupt smooth boundary. 

Al 0-6 cm. grayish brown (lOYR 5/2) gravelly loam, very dark gray (lOYR 3/1) moist: moderate fine and medium 
granular structure : sticky and friable moist. nonsticky and nonplastic wet: 20% !rJ'avel: abundant very fine. fine . 
medium. and coarse roots; abundant very fine and fine medium and interstitial pores: neutral : clear wavy boun · 
dary . 

821 6-28 cm, light brownish gray (lOYR 6/2) gravelly light clay loam. dark brown 1l0YR 3/3) moist; moderate fine 
and medium subangular blocky structure ; nonsticky and friable moist, slightly sticky and nonplastic wet : 20% 
gravel. 20% cobble, 15% stone; abundant very fine , fine. medium. and coarse roots; plentiful very fine and fine 
interstitial pores ; neutral; clear wavy boundary. 

822 20-70 cm, pale brown (IOYR 6/3) gravelly loam. dark yellowish brown (lOYR 4/4) moist; moderate fine and 
medium subangular blocky structure; nonsticky and friable moist. nonsticky and nonplastic wet; 30% gravel, 
20% cobble, 20% stone; plentiful very fine , fine, medium. and coarse roots : moderate very fine and fine in· 
terstitial pores; neutral ; clear wavy boundary. 

823 70-99 cm, pale brown (lOYR 6/3) gravelly silt loam, dark yellowish brown (lOYR 4/4) moist: weak medium sub· 
angular blocky structure; nonsticky and friable moist. nonsticky and nonplastic wet; 30% gravel. 20% cobble. 
20% stone : few very fine , fine. medium, and coars~ roots; plentiful very fine and fine interstitial pores. plentiful 
fine terminal pores; neutral; clear wavy boundary. 

R 99+ cm, densely welded tuff bedrock. 

10. Dacite Series. The Dacite soils are deep, well-drained soils found on level to moderately 
sloping canyon bottoms (Fig. 20) . These soils have formed in alluvial parent materials in a pon­
derosa pine forest . 

The surface layer of Dacite soils is frequently a gray very gravelly sandy loam about 25 cm 
thick with a very dark gray, very dark grayish brown, or dark brown gravelly loamy sand sub· 
stratum greater than 130 cm thick. This soil has a moderately rapid to very rapid permeability , 
and a low available water capacity . 

A typical profile of a Dacite very gravelly' sandy loam (0-15% slope) is described as follows: 

Al 0-24 cm. gray (IOYR 5/1) very gravelly light sandy loam. very dark gray (lOYR 3/ l) moist; weak fine and medium 
subangular blocky and granular structure; nonst icky and friable moist. nonsticky and nonplastic wet; 40% gravel; 
abundant very fine and fine roots , plentiful medium roots : abundant very fine and fine interstitial pores; neutral : 
clear wavy boundary. 

C1 24-64 cm. gray (lOYR 5/1) very gravelly loamy sand, very dark gray (IOYR 3/1) moist : massive structure : nonst icky 
and friable moist, nonsticky and nonplastic wet ; 45% gravel, 5% cobble ; plentiful very fine. fine, and medium roots : 
abundant very fine and fine interstitial pores: neut ra l; clear wavy boundary . 

C2 64-82 em. gray (lOYR 6/ l) gravelly loamy sand, very dark grayish brown (lOYR 3/2) moist: massive structure ; non · 
st icky and fria ble moist, nonst icky and nonplastic wet ; 15% gravel; few very fine. fine . and medium roots : abundant 
very fine and fin~ interst itial pores; mildly alkaline; abrupt wavy boundary . 

C3 82· 127 em, gray (l OYR 6/l) gravelly loamy sand , very dark grayish brown (lOYR 3/2) moist : mass ive structure: non · 
sticky and fria ble moist. nonst icky and nonplastic wet : 25% gravel: few very fine and fine roots: abundan t very fin e 
and fine interst itial pores : mi ldly a lkaline; gradual wavy boundary . 

C4 1 2~ · 1 5:2+ cm. lil1ht brownish !rJ'ay ( IOYR 6/:2 ) !rJ'avelly loamy sand. dark bmwn f IOYR ::;:1 1 moist: massive "n ucture: 
nonsticky and fr iable moist. nonsticky and nonplastic wet : :lO% gravel: few \ 'er~' line and fin e rout s: abundant very 
fine and fine interst ita l pores : mild ly alkaline. 

11. Emod Series. The Emod series consist!' of deep . we ll ·drained soils that formed in 
materials weathered dominantly from dacites, which were water·laid over pumice and ash 
deposits . These soils are found on moderately steep to very steep upland areas (Fig . 21) where the 
native vegetation is pinon-juniper woodland . 
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The surface layers of Emod soils are generally a light brownish gray or light gray stony sandy 
loam. or loamy sand. about 30 cm thick. The substratum is greater than 125 cm thick and is com­
posed of white pumice deposits. The Emod series has moderately rapid to very rapid per­
meability, very low available water capacity, moderate erodibility, and a low erosion hazard 
rating. 

A typical profile of Emod stony sandy loam (16-40% slope) is described as follows: 

All 0·16 cm. light brownish gray flOYR 6/2) stony sandy loam. light brownish gray (lOYR 4/3) moist : weak fine and 
medium granular structure; nonsticky and very friable moist . nonsticky and slightly plastic wet: 30% gravel. 20% 
cobble. 10% stone: abundant very tine and fine roots . few medium and coarse roots; abundant very fine and fine in· 
terstitial pores: neutral ; clear ,smooth boundary. 

A12 16·28 cm. light gray (lOYR i / 21loamy sand, light yellowish brown (lOYR 6/4) moist; weak fine granular structure; 
nonsticky and very friable moist, nonsticky and nonplastic wet ; 80% gravel; abundant very fine and tine roots. 
plentiful medium and coarse roots; abundant very fine and fine interstitial pores; mildly alkaline; abrupt smooth 
boundary. 

C I 28· .'51 cm. white (lOYR 8/1) sand. white (lOYR 8/l) moist; massive structure: hard and firm moist. nonstickyand 
non plastic wet ; 95% gravel ; abundant fine and medium interstit ial pores ; gradual smooth boundary. 

C2 51·153+ cm. white (lOYR 8/1) sand. white (lOYR 8/11 moist; massive structure : hard and firm moist. nonsticky 
and non plastic wet ; 95%+ gravel: abundant fine and medium interstit ial pores. 

12. Griegos Series. The Griegos soils are classified into two mapping units on the basis of 
slope. just like the Cabra and Cuervo soils: Griegos cobbly loam. 16-40% slope (moderately steep 
to very steep topography) and Griegos cobbly loam, 41-80% slope (very steep to extremely steep 
land). Both mapping units consist of deep, well drained soils formin~ in dacites. latites. and 
andesites of the Tschicoma Formation on mountain slopes vegetated with Engelmann spruce and 
Douglas fir (Fig, 15). 

The surface layers of Griegos soils found on the 16-40% slopes are typically a dark brown, 
brown or light gray cobbly loam. fine sandy loam, or sandy clay loam about 50 cm thick. The 
subsoil is a very pale brown or light yellowish brown cobbly sandy loam or sandy clay loam about 
i 5 cm thick underlaid by a light yellowish brown very cobbly sandy loam about 20 cm thick. The 
depth to bedrock and the effectve rooting depth are about 150 cm. This soil has moderate to 
moderately rapid permeability. moderate available water capacity, moderate erodibility and a 
moderate erosion hazard rating. 

A typical profile of Griegos cobbly loam (16-40% slope) is described as follows : 

01.02 4·1) cm . abrupt smooth boundary. 

A ll 0·7 cm. dark brown 110YR 4/3) cobbly loam. very da rk grayish brown IIOYR 3/2 ) moist: weak medium and ti ne 
granular st ructure ; st icky and friable moist. nonst icky and nonplastic WI'! : 10·~ ~ra\'el. 10% conble: a bundant 
verv ii ne. fine. medium. and coarse roots: abundant \' ~ry fine and fine interstit ial pores: neutral : clear wavy 
boundary , 

A I2 7·;ll cm. brown \l OYR .5/3) heavy fine ~andy loam. brown II OYR 4i 3) moist : modera te medium subangu lar 
nlocky "trll cture: st icky and friable moist. nonst ic ky a nd nonplas tic wet : IO·~ gra vel. [.~ % cobble. 5% stone : 
a bundant very fine and fin e interstiti al pores : neut ral : clear :, mooth bOllndary. 

:\2 ; l1 · ,~1 em. light gra~' (IOYR 7/2) cobbly light sandy clay loam. brown (IOYR 4/~ ) moist : weak medium subangula r 
blocky ,; truct ure: sti cky and fria ble moist. s lightly st ick~' and nonp la~tic wet: 1 5 ·~ grave l. 15% cobb le. 5% stone: 
p lent ifu l \'e ry tine. fin e. medi um. and coarse roots : plentifu l "ery fi ne and fine int erst iti a l pores: neutra l: clear 
s moot h boundar,·, 

82 1 ,'\1·64 em. \'er\' pa le brown (I OYR 7::) ) cobb ly fi ne sandv loam. brown (IOYR ,;/~ l moist : weak med ium sub· 
angu la r hlocky :i£iuctu re: s t icky and friahle moist. nnns t i('k ~' and nonpl as!!{" we r: !()O~ ~ra \'el. l Ooo cohble .. i o~ 
slOne: few \'erv fine and fin e rnots: plent iful medium .Jnd coarse roots : plentiful \'er~' fine and fine interst itia l 
pllre~: neutra l: d ear smoot h noundary , 
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B22 64-88 cm. light yellowish brown (lOYR 6/4) cobbly heavy sandy clay loam. yellowish brown 110YR 5/4) moist : 
weak medium subangular blocky structure: sticky and friable moist . very sticky and non plastic wet: 20% gravel. 
40% cobble. 5% stone; few very fine. fine, medium. and coarse roots: plentiful very fine and fine interstitial pores. 
few medium terminal pores; neutral; clear wavy boundary. 

B23 88-128 cm, very pale brown (lOYR 7/4) very cobbly heavy sandy loam. ~'ellowish brown 1l0YR 5/6) moist; weak 
medium and fine granular structure; sticky and friable moist. slightly sticky and nonplastic wet; 20% gravel. 
60% cobble, 5% stone; few very fine, fine. medium, and coarse roots: plentiful very fine and tine interstitial 
pores; neutral; clear wavy boundary. 

Cl 128-150+ em, light yellowish brown (lOYR 6/4) very cobbly heavy sandy loam. brownish yellow 1l0YR 616) 
moist ; massive structure; sticky and friable moist . nonsticky and nonplastic wet : 20% gravel. 60% cobble. 5% 
stone; few very fine, fme, medium, and coarse roots: plentiful very fine and fine interstitial pores : neutral: clear 
wavy boundary. 

The surface layers of the Griego cobbly loam found on 41-80% slopes are generally a gray 
cobbly loam or sandy loam about 40 cm thick, The subsoil is also about 40 cm thick and consists 
of a gray sandy loam underlaid by a gray loamy sand substratum about 75 cm thick. The depth 
to bedrock and the effective rooting depth are greater than 150 cm. This mapping unit has a 
similar permeability, available water capacity, and erodibility as previously discussed for the 
Griegos soils found on 16-40% slopes, but has a high erosion hazard rating due to the steeper 
topography on which this soil occurs. 

A typical profile of Griegos cobbly loam (41-80% slope) is described as follows: 

01,02 3-0 cm. 

Al 0-13 cm, gray (lOYR 6/l) cobbly loam. gray (lOYR 5/l) moist: moderate fine and medium granulaf structure: non­
sticky and friable moist, nonsticky and nonplastic wet; 40% gravel. 10% cobble, 5% stone; plentiful medium and 
coarse fOOts. abundant very fine and fine roots; abundant very fine and fine interstitial pores; neutral ; clear 
smooth boundary . 

A2 13-41 cm, gray (lOYR 6/1 ) sandy loam, dark gray (lOYR 4/1) moist; weak fine granular or massive structure: non· 
sticky and friable moist . nonsticky and nonplastic wet ; 50% gravel, 10% cobble, 5% stone ; plentiful medium and 
coarse roots, abundant very fine and fine roots ; abundant very fine and fine terminal pores; neutral: clear smooth 
boundary. 

B2 41 -79 cm. gray (.10YR 6/1) sandy loam, dark gray (lOYR 4/ 1) moist; massive structure: nonsticky and friable 
moist, non sticky and nonplastic wet; 50% gravel, 15% cobble, 10% stone: plentiful medium and coarse roots. 
abundant very fine and fine roots; abundant very fine and fine terminal pores; mildly alkaline ; clear wavy boun· 
dary. 

CI 79-152 cm. gray (IOYR 6/1) loamy sand. gray (lOYR 5/li moist; massive structure; nonsticky and friable moist. 
nonsticky and nonplastic wet; 65% gravel. 15% cobble, 5% stone; few medium and coarse roots. plentiful very fine 
and fine roots: mildly alkaline. 

13. KwageoPeladooRock Outcrop Complex. The soils in this complex are deep well-drained 
soils that formed on very steep to extremely steep mountain slopes with dacites of the 
Tschicoma Formation as parent materials (Fig. 22). The native vegetation of this soil complex is 
dominantly a Douglas fir-ponderosa pine forest. 

The surface layers of the Kwage soils in this complex are generally a light gray, white, or light 
yellowish brown sandy loam or loamy sand about 70 cm thick . The substratum is a brownish 
yellow or very pale brown loamy sand about 80 cm thick. The depth to dacite bedrock and the ef­
fective rooting depth are greater than 150 cm. The Kwage soils in this complex have moderately 
rapid to very rapid permeability, low available water capacity, moderate erodibility, and a 
moderate erosion hazard rating. 

A typical profile of Kwage stony sandy loam (68% slope) is described as follows: 
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01,02 3-0 cm. 

Al 0-5 cm, light gray (10YR 7/2) heavy sandy loam, dark grayish brown (lOYR 4/2) moist; weak fine and medium 
granular structure; nonsticky and friable moist, nonsticky and non plastic wet; 40% gravel, 10% cobble, 10% 
stone; abundant very fine and fine roots, plentiful medium roots. few coarse roots; abundant very fine and fine in­
terstitial pores; neutral; clear smooth boundary. 

A21 5-14 cm, white (lOYRS/2) sandy loam, brown (10YR5/3) moist; weak medium and coarse granular structure; non­
sticky and friable moist, nonsticky and nonplastic wet; 40% gravel, 15% cobble. 15% stone; abundant very fine, 
fine, medium. and coarse roots; abundant fine and medium interstitial pores; neutral; clear wavy boundary. 

A22 14-30 cm. light gray (10YR 7/2) sandy loam. brown (lOYR 5/3) moist; weak medium subangular blocky structure; 
nonsticky and friable moist, nonsticky and nonplastic wet; 50% gravel, 15% cobble, 10% stone; abundant very 
fine. fine, medium. and coarse roots; abundant fine and medium interstitial pores; neutral; clear wavy boundary. 

A3 30-72 cm, light yellowish brown (10YR 6/4) loamy sand, dark brown (lOYR 3/3) moist; weak fine and medium 
subangular blocky structure; nonsticky and friable moist, nonsticky and non plastic wet; 50% gravel. 15% cobble. 
5% stone; abundant very fine, fine, medium, and coarse roots; abundant fine and medium interstitial pores; 
mildly alkaline; clear wavy boundary. 

Cit 72-115 cm, brownish yellow (lOYR 6/6) loamy sand, dark yellowish brown (lOYR 4/4) moist; weak fine and 
medium subangular blocky structure; nonsticky and friable moist, nonsticky and non plastic wet; 60% gravel. 20% 
cobble, 15% stone; abundant very fine, fine, and medium roots, plentiful coarse roots; abundant medium and 
coarse interstitial pores; neutral; clear wavy boundary. 

C2t r'r~153 em, very pale brown (lOYR 7/3) loamy sand, dark yellowish bro~ (lOYR 4/4) moist ; weak very fine and 
fine subangular blocky structure; nonsticky and friable moist. nonsticky and non plastic wet; 60% gravel, 20% cob­
ble, 15% stone; plentiful very fine, fine, and medium roots; abundant very fine and fine interstitial pores; mildly 
alkaline. 

The surface layers of Pelado soils are a dark grayish brown or light brownish gray loam about 
65 cm thick. The subsoil is a very pale brown or light yellowish brown sandy loam or loamy sand, 
about 60 cm thick underlaid by a light yellowish brown sandy loam substratum greater than 30 
cm thick. The depth to dacite bedrock is greater than 150 em, and the effective rooting depth is 
about 120 cm. The Pelado soils in this complex have moderate to moderately rapid permeability, 
high available water capacity, moderate erodibility, and a moderate erosion hazard rating. 

A typical profile of Pelado loam (64% slope) is described as follows: 

01,02 4-0 cm. 

Al 0-15 cm. dark grayish brown (10YR 4/2) loam. very dark gray (IOYR 3/1) moist; weak fine and medium subangular 
blocky structure, moderate fine and medium granular structure; nonsticky and friable moist. nonsticky and non­
plastic wet ; 10% gravel. 5% cobble; abundant very fine and fine roots. plentiful medium and coarse roots; abun­
dant very fine and fine interstitial pores; clear smooth boundary. 

A21 15--10 em , light brownish gray (IOYR 6/2) loam. brown (10YR 4/3) moist; moderate fine and medium subangular 
blocky structure , weak very fine and fine granular structure; nonsticky and friable moist, nonsticky and non­
plastic wet; 25% gravel , 10% cobble; abundant very fine and fine roots, plentiful medium and coarse roots; abun­
dant very fine and tine interstitial pores; clear smooth boundary. 

A22 40-64 cm. light brownish gray (lOYR 6/2) loam, brown (lOYR 4/3) moist : weak very fine and fine subangular 
blocky structure ; nonsticky and friable moist , nonsticky and nonplastic we t : -10% !(ravel. ,50% cobble; plent iful 
very fine. fine. and medium roots. few coarse roots ; abundant very fine and fine interst itia l pores ; clear wavy 
boundary. 

821 114·105 cm. very pale brown (10YR 7/4 ) coarse sandy loam. li !(ht ye llowish brown (10YR 6/4 ) moist : moderate fi ne 
and medium subangular blocky structure; moderate fine and medium subangular blocky st ruc ture: slightly hard 
and friable moist . slightly sticky and slightly plast ic wet ; 30% gravel, 10% cobble: few very fi ne. fine. and mediu m 
roots : moderate very fine and fine inters titia l pores: clear wavy boundary . 
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B22t 105-122 cm, light yellowish brown (lOYR 6/4) loamy sand, yellowish brown (lOYR 5/4) moist : massive structure : 
nonsticky and very friable moist . non sticky and non plastic wet ; few thin clay films on ped faces : 90% gravel. 5% 
cobble; abundant very fine and fine roots. few medium roots: abundant medium and coarse interstitial pores : 
clear wavy boundary. 

Cit 122-152 cm, light yellowish brown (lOYR 6/4) sandy loam. yellowish brown (lOYR 5/4) moist : weak fine and 
medium subangular blocky structure; slightly hard and friable moist, slightly sticky and slightly plastic wet: few 
thin clay films on ped faces; 25% gravel, 10% cobble; abundant very fine and fine interstitial pores. 

14. Latas Series. The Latas soils are deep, well-drained soils that formed in materials 
weathered from tuff. These soils are found on level to moderately sloping mountain sideslopes 
where ponderosa pine is the dominant overstory vegetation (Fig. 16) . 

The surface layers of Latas soils are typically a pale brown gravelly sandy loam or gravelly 
loamy sand about 60 cm thick_ The substratum is greater than 110 cm thick and consists of a 
pale brown gravelly loamy sand. The Latas soils have moderately rapid to very rapid per­
meability, a low available water capacity, moderate erodibility, and a low erosion hazard rating. 

A typical profile of Latas gravelly sandy loam (8% slope) is described as follows: 

01,02 3-0 em. 

All 0-9 em, pale brown (lOYR 6/3) gravelly sandy loam. brown 1l0YR 4/3) moist; moderate fine and medium granular 
structure; nonsticky and very friable moist, nonsticky and nonplastic wet: 25% gravel ; abundant very fine and 
fine roots ; abundant very fine and fine interstitial pores; moderately alkaline ; clear smooth boundary. 

A12 9-58 em, very pale brown (lOYR i /3) gravelly loamy sand, dark yeJlowish brown 1l0YR 4/4) moist: weak fine and 
medium granular structure; nonsticky and very friable moist. nonsticky and nonplastic wet: 25% gravel ; abun­
dant very fine, fine , medium, and coarse roots; abundant very fine and fine interstitial pores; moderately alkaline ; 
gradual smooth boundary. 

Cl 58-91 em, pale brown (lOYR 6/3) gravelly loamy sand. dark yellowish brown (lOYR 4/4) moist; massive structure : 
nonsticky and very friable moist , nonsticky and non plastic wet : 25% gravel ; abundant very fine and fine roots . 
plentiful medium and coarse roots: abundant very fine and fine interstitial pores; moderately alkaline ; gradual 
smooth boundary. 

C2 91 -168+ em, very pale brown (lOYR i /3) gravelly loamy sand, dark yellowish brown (lOYR 4/4) moist ; massive 
structure : nonsticky and very friable moist. nonsticky and nonplastic wet ; 25% gravel ; plentiful very fine , fine . 
medium, and coarse roots ; abundant very fine and fine interstitial pores; moderately alkaline . 

15. Pelado Series. The Pelado series consists of deep, well-drained soils that formed in 
materials weathered from dacites of the Tschicoma Formation (Fig. 22). This mapping unit dif­
fers from the Pelado soils found in the Kwage-Pelado-Rock Outcrop complex in that these soils 
are found only on less steep mountain slopes. T he nat ive vegetat ion is dominantly a Douglas fir ­
ponderosa pine forest. 

The surface layers of Pelado soils found on 41-80% slopes are generally a grayish brown, light 
brownish gray, or light gray loam, or clay loam, about 55 cm thick. The subsoil is about 15 cm 
thick and consists of a light gray clay loam underlaid by a light gray loam substratum greater 
than 85 cm thick . This soil has moderate to moderately slow permeability, high available water 
capacity , moderate erodibility, and a moderate erosion hazard rating. 

A typical profile of Pelado very stony lpam (60% slope ) is described as follows: 

01 ,02 3-0 cm. 

All 0-9 cm . grayish brown Cl OYR 5/2) very stony loam. very dark grayish brown (JOYR 3/21 moist : moderate fine and 
medium granular structure : nonst icky and fr iable moist. slight ly sticky and plast ic wet: 20% I1ra\'el. 25~o robbie. 
25% stone : plentiful medium ilnd coarse roots . abundant very fine and fine roots: abundant very fi ne and fine in · 
tersti ti a l pores: neutral: clear wavy boundary. 
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A12 9·26 em. light brownish gray (lOYR 6/2) very stony loam. very dark grayish brown (lOYR 3/2) moist; moderate fine 
and medium granular structure; nonsticky and friable moist. slightly sticky and slightly plastic wet; 25% gravel. 
25% cobble. 20% stone; plentiful medium and coarse roots. abundant very fine and fine roots; abundant very fine 
and fine interstitial pores; neutral; clear wavy boundary. 

A2 26·55 cm. light gray (lOYR 7/2) very stony light clay loam. dark brown (lOYR 3/3) moist; weak fine and medium 
granular structure; nonsticky and friable moist. sticky and slightly plastic wet; 30% gravel. 30% cobble. 25% 
stone: abundant medium. very fine. and fine roots. plentiful coarse roots; plentiful fine terminal pores; abundant 
very fine and fine interstitial pores; mildly alkaline; gradual irregular boundary. 

82t 55·69 cm. light gray (lOYR 7/2) very stony light clay loam. dark brown (lOYR 3/3) moist; weak medium sub· 
angular blocky structure; nonsticky and friable moist. sticky and slightly plastic wet, few thin clay films on coarse 
fragments; 25% gravel. 35% cobble, 35% stone; plentiful very fine, fine, medium, and coarse roots; plentiful very 
fine and fine terminal pores, plentiful fine and medium interstitial pores; mildly alkaline; gradual irregular boun· 
dary. 

Cl 69·152+ cm, light gray (10YR 7/2) very stony loam, dark brown (lOYR 3/3) moist; massive structure; nonsticky and 
friable moist, slightly sticky and slightly plastic wet; 25% gravel, 35% cobble, 35% stone; plentiful very fine. fine, 
medium. and coarse roots: plentiful fine and medium interstitial pores; neutral. . 

16. Pueblo Series. The Pueblo series consists of deep well-drained soils that formed in 
materials derived from welded tuffs. These soils are found on moderately steep to very steep 
mountain sides lopes where the native vegetation is a Douglas fir-ponderosa pine forest (Fig. 14). 

The surface layers of Pueblo soils are typically a dark grayish brown or very dark grayish 
brown cobbly loam about 40 cm thick. The subsoil is a light gray cobbly sa~dy clay loam about 
50 cm thick underlaid by a 60-cm thick pale brown cobbly sandy loam substratum. Pueblo soils 
have moderate permeability. available water capacity, erodibility, and erosion hazard ratings. 

A typical profile of Pueblo cobbly loam (39% slope) is described as follows: 

All 0·19 cm. dark grayish brown (lOYR 4/2) cobbly loam, very dark grayish brown (lOYR 3/2) moist; moderate fine and 
medium granular structure; nonsticky and very friable moist. nonsticky and non plastic wet; 15% gravel. 10% cob· 
ble. 5% ~tone; abundant very fine and fine roots. plentiful medium roots, few coarse roots; abundant very tine and 
fine interstitial pores; neutral; clear wavy boundary. 

A12 19·41 cm, very dark grayish brown (lOYR 3/2) cobbly loam, very dark gray (lOYR 3/l) moist; moderate medium 
and coarse granular structure; nonsticky and friable moist, nonsticky and slightly plastic wet; 15% gravel. 25% 
cobble. 5% stone; abundant very fine. fine, and medium roots, plentiful coarse roots; abundant very fine and fine 
interstitial pores; neutral; clear wavy boundary. 

82t 41·93 cm. light gray (lOYR 7/2) cobbly sandy clay loam. brown (lOYR 4/3) moist; moderate fine and medium sub· 
angular blocky structure; nonsticky and friable moist, sticky and slightly plastic wet; many moderately thick clay 
films on coarse fragments; 20% gravel, 15% cobble. 5% stone; abundant very fine and fine roots. plentiful medium 
roots; plentiful fine and medium interstitial pores; neutral; gradual wavy boundary. 

Cl 93·153+ cm. pale brown (lOYR 6/3) cobbly heavy sandy loam. brown (10YR 4/3) moist; weak fine and medium 
subangular blocky structure; nonsticky and friable moist. nonsticky and slightly plastic wet; 25% gravel. 20·~ cob· 
ble. 10% stone; few very fine and fine roots; plentiful very fine and fine interstitial pores; neutral. 

17. Quemazon-Arriba-Rock Outcrop Complex. The soils in this complex range from 
shallow (Quemazon series) to deep (Arriba series) well-drained soils that formed in materials 
weathered from tuff. This soil complex is found on level to very steep mesa tops vegetated with a 
ponderosa pine forest (Fig. 23). 

The surface layers of the Quemazon soils in this complex are a grayish brown very stony sandy 
loam about 10 cm thick underlaid by a white very stony sandy loam substratum about 25 cm 
thick. The depth to tuff bedrock and the effective rooting depth are about 35 cm. Quemazon soils 
have moderately rapid permeability, very low available water capacity, moderate erodibility, 
and a low erosion hazard rating. 

A typical profile of Quemazon very stony loam (6% siope) is described as foiiows: 



01,02 3-0 cm. 

Al 0-10 cm, grayish brown (lOYR 5/2) very stony sandy loam, very dark gray (lOYR 3/1) moist; weak fine and 
medium platy structure; nonsticky and friable moist, nonsticky and nonplastic wet: 10% gravel, 20% cobble, 30% 
stone; plentiful very fine and fine roots, abundant medium and coarse roots; abundant very fine and fine in­
terstitial pores; neutral; clear irregular boundary. 

CI 10·35 cm, white (lOYR S/l) very stony sandy loam, light gray (lOYR 7/2) moist; massive structure; nonsticky and 
very friable moist, nonsticky and nonplastic wet; 15% gravel, 35% cobble, 40% stone; plentiful very fine, fine, 
medium, and coarse roots; abundant very fine and fine interstitial pores; neutral; clear irregular boundary. 

R 35+ cm, tuff bedrock. 

The surface layers of Arriba soils are typically a light gray loam or very fine sandy loam about 
30 cm thick. The subsoil is about 125 cm thick and consists of a very pale brown very fine sandy 
loam, silty clay loam, or clay loam. The depth to tuff bedrock and the effective rooting depth are 
about 155 cm. This soil has moderate to moderately slow permeability, high available water 
capacity, moderate erodibility, and a . low erosion hazard rating. 

A typical profile of Arriba loam (8% slope) is described as follows: 

01,02 3·0 cm. 

All 0·11 cm, light gray (lOYR 7/2) loam, dark grayish brown (lOYR 4/2) moist; weak fine platy structure; nonsticky 
and friable moist, slightly sticky and nonplastic wet: abundant very fine and fine roots. plentiful medium roots, 
few coarse roots; abundant very fine and fine interstitial pores; neutral; clear smooth boundary. 

A12 11·28 cm, light gray OOYR 7/1) very fine sandy loam, brown (lOYR 5/3) moist; weak medium subangular blocky 
structure; nonsticky and friable moist, nonsticky and slightly plastic wet; abundant very fine and fine roots, plen· 
tiful medium and coarse roots; plentiful very fine and fine interstitial pores: neutral: clear smooth boundary. 

Bl 28·58 cm, very pale brown (1OYR 8/3) very fine sandy loam, light yellowish brown (IOYR 6/4) moist; moderate fine 
and medium subangular blocky structure; slightly hard and friable moist, slightly sticky and slightly plastic wet; 
plentiful very fine, fine, medium, and coarse roots; plentiful very fine and fine terminal pores; neutral; clear wavY 
boun~ary. 

B2lt 58·92 cm, very pale brown (lOYR 7/4) silty clay loam, brown (lOYR 4/3) moist; moderate medium angular blocky 
structure; hard and friable moist, sticky and plastic wet; common thin clay films in pores and few thin clay films 
on ped faces; plentiful very fine, fine, medium, and coarse roots; abundant very fine and fine terminal pores, 
plentiful very fine and fine interstitial pores; neutral; diffuse boundary. 

822 92-153 cm, very pale brown (lOYR 7/4) heavY clay loam. yellowish brown (lOYR 5/4) moist: moderate fine an'd 
medium subangular blocky structure: slightly hard and friable moist. slightly sticky and plastic wet: plentiful 
very fine, fme, medium, and coarse roots; plentiful very fine and fine interstitial and terminal pores: mildly 
alkaline. 

R 153+ em, tuff bedrock. 

18. Rabbit-Tsankawi-Rock Outcrop Complex. The soils of this complex range from 
moderately deep (Rabbit series) to very shallow (Tsankawi series), well-drained soils that 
weathered from tuff parent materials. This soil complex is found on level to very steep mesa tops 
where the dominant overstory vegetation is a Douglas fir-ponderosa pine forest (Fig. 23). 

The surface layers of Rabbit soils are typically a light brownish gray or gray stony sandy loam 
about 70 cm thick. The subsoil is 1-2 cm thick and consists of a dark yellowish brown stony clay 
loam. The depth to tuff bedrock and the effective rooting depth are about 70 cm. Rabbbit soils 
have moderately rapid permeability, very low available water capacity, moderate erodibility, 
and a low erosion hazard rating, 

A typical profile of Rabbit stony sandy loam (13% slope) is described as follows: 



01,02 3·0 cm. 

Al 0·6 cm. light brownish gray (lOYR 6/2) stony sandy loam. very dark gray (lOYR 3/1) moist; moderate fine and 
medium granular structure; nonstieky and friable moist. nonstieky and slightly plastic wet. 20% gravel. 10% cob· 
ble. 10% stone; abundant very fine and fine roots; abundant very fine and fine interstitial pores; neutral; abrupt 
smooth boundary. 

A21 6·15 cm. gray (lOYR 6/1) stony sandy loam. dark grayish brown (lOYR 4/2) moist; weak fine and medium granular 
structure; nonsticky and friable moist. nonstieky and nonplastie wet; 25% gravel. 10% cobble. 10% stone; abun· 
dant very fine. fine and coarse roots. plentiful medium roots; abundant very fine and fine interstitial pores; 
neutral; clear smooth boundary: 

A22 15·69 cm. light brownish gray (lOYR 6/2) stony sandy loam. dark grayish brown (10YR 4/2) moist; weak fine 
medium subangular blocky structure; nonsticky and very friable moist. nonsticky and nonplastic wet; 20% gravel. 
20% cobble. 25% stone; abundant very fine, fine. medium. and coarse roots; abundant very fine and fine in· 
terstitial pores; neutral; abrupt wavy boundary. 

B2t 69·70 em. dark yellowish brown (1OYR 4/4) stony clay loam. strong brown (7.5YR 4/4) moist; moderate fine and 
medium subangular blocky structure; hard and firm moist. sticky and plastic wet; many moderately thick clay 
films on ped faces; 20% gravel. 20% cobble. 50% stone; plentiful very fine and fine roots; plentiful very fine and 
fine interstitial pores; medium acid; abrupt wavy boundary. 

R 70+ cm. tuff bedrock. 

Th~ surface layers of Tsankawi soils are generally a light brownish gray stony sandy loam 
about 5 cm thick. The substratum is a white stony sandy loam about 20 cm thick. The depth to 
bedrock and the effective rooting depth are about 25 cm. This soil has a moderately rapid per­
meability, very low available water capacity, moderate erodibility, and a moderate erosion 
hazard rating. . 

Al 0·6 cm. light brownish gray (lOYR 6/2) stony sandy loam. very dark grayish brown (lOYR 3/2) moist; weak 
medium platy structure; nonsticky and very friable moist. nonsticky and nonplastic wet; 20% gravel; 15% cobble. 
10% stone; plentiful very fine and fine roots; abundant very fine and fine interstitial pores; slightly acid; clear 
wavy boundary. 

CI 6·25 cm. white (lOYR S/l) stony sandy loam. light gray (10YR 7/2) moist; massive structure; nonsticky and friable 
moist. nonsticky and nonplastic wet; 20% gravel. 25% cobble. 20% stone; plentiful very fine and fine roots. abun· 
dant medium and coarse roots; abundant very fine and fine interstitial pores; neutral; clear wavy boundary. 

R 25+ cm. tuff bedrock. 

19. Rendija-Bayo Complex. This soil complex contains deep. well·drained soils that 
weathered from materials derived from tuff (Rendija series) or pumice (Bayo series). These soils 
are found on moderately steep to very steep mountain sideslopes vegetated with a juniper-pirion 
woodland (Fig. 24). 

The Rendija soils have a light gray gravelly sandy loam surface layer about 5 cm thick. The 
subsoil is a dark grayish brown or light yellowish brown clay, or clay loam. about 30 cm thick un­
derlaid by a light gray loam or sandy loam substratum greater than 100 cm thick. The depth to 
bedrock and the effective rooting depth are greater than 153 cm. The Rendija soils in this com­
plex have very slow to moderate permeability, high available water capacity, moderate to high 
erodibility. and a moderate erosion hazard rating. 

A typical profile of Rendija gravelly sandy loam (16-40% slope) is described as follows: 



Al 0·5 cm, light gray (lOYR 7/2) sandy loam; weak fine granular structure; 50% gravel. 10% cobble. 10% stone. 

B2t 5·20 cm, dark grayish brown (lOYR 4/2) gravelly light clay; weak medium prismatic structure. strong fine and 
medium subangular blocky structure; 40% gravel. 10% cobble. 5% stone. 

B3t 20·33 cm. light yellowish brown (lOYR 6/4) gravelly light clay loam; moderate fine and medium subangular blocky 
structure; 50% gravel. 10% cobble. 

Cit 33·54 cm. light gray (lOYR 7/1) gravelly heavy loam; weak fine and medium subangular blocky structure; 60% 
gravel. 15% cobble. 

C2 54·153+ cm. light gray (IOYR 7/1) gravelly sandy loam; massive structure; 70% gravel. 10% cobble. 

The Bayo series was previously described as part of the Comada-Bayo complex. 

20. Rock Outcrop·Colle·Painted Cave Complex. This complex contains moderately deep, 
well-drained soils that formed in materials weathered from welded tutI' (Fig. 25). These soils 
are found on very steep to extremely steep mountain sides lopes where the native vegetation is 
dominantly a Douglas fir-ponderosa pine forest. 

The surface layers of Colle soils are typically a dark brown sandy loam about 10 cm thick. The 
subsoil is a brown, light brown, or dark brown gravelly sandy loam, or sandy clay loam, about 55 
cm thick underlaid by a brown sandy loam substratum about 15 cm thick. The depth to tuff 
bedrock and the effective rooting depth are about 75 cm. The Colle soils in this complex have 
moderate to moderately rapid permeability and a moderate available water capacity. 

A typical profile of Colle sandy loam (67% slope) is described as follows: 

Al 0·8 em. dark brown (7.5YR 4/2) sandy loam. dark brown (7.5YR 3/2) moist; weak fine granular structure; non· 
sticky and friable moist. non sticky and nonplastic wet; 10% gravel; abundant very fine. fine. and medium roots; 
abundant very fine and fine interstitial pores; neutral; clear wavy boundary. 

Bl 8·18 em. brown (7.5YR 5/2) gravelly sandy loam. dark brown (7.5YR 3/2) moist; weak fine and medium granular 
structure; slightly hard and very friable moist. slightly sticky and nonplastic wet; 15% gravel; abundant very fine. 
fine. and medium roots; abundant very fine and fine interstitial pores; neutral; clear wavy boundary. 

B21t 18-33 cm. brown (7.5YR 5/2) cobbly sandy clay loam. brown (7.5YR 4/2) moist; moderate fine and medium 
granular structure; nonsticky and very friable moist. slightly sticky and slightly plastic wet; 20% gravel. 10% 
cobble; plentiful very fine roots. abundant fine. medium. and coarse roots; abundant very fine and fine in­
terstitial pores; neutral; clear wavy boundary. 

B22t 33·49 cm. light brown (7.5YR 6/4) sandy clay loam. brown (7.5YR 4/4) moist; moderate fine and medium sub· 
angular blocky structure; slightly hard and friable moist. slightly sticky and slightly plastic wet; few thin clay 
films on ped faces and coarse fragments; 10% gravel. 5% cobble; few very fine and fine roots. plentiful medium 
roots. abundant coarse roots: plentiful very fine and fine interstitial pores; mildly alkaline; clear wavy boundary. 

B3t 49·63 cm. dark brown (i.5YR 4/4) cobbly sandy clay loam. brown (7.5YR 4/4) moist; moderate fine and medium 
subangular blocky structure; hard and friable moist. slightly sticky and slightly plastic wet: few thin clay films 
on ped faces and coarse fragments; 35% gravel. 20% cobble; few very fine. fine. medium. and coarse roots; plen­
tiful very fine and fine interstitial pores; mildly alkaline; clear wavy boundary. 

Cl 63·i5 cm. brown (7.5YR 5/4) sandv loam. brown (i.5YR 4/4) moist; massive structure; hard and very friable 
moist. nonsticky and nonplastic wet; few very fine and fine roots; plentiful very fine and fine interstitial pores: 
mildly alkaline. 

R 75+ em. tuff bedrock. 

The surface layers of the Painted Cave soils are typically a light gray stony sandy loam about 
15 cm thick. The substratum is a very pale brown cobbly loamy sand about 40 cm thick. The 
depth to tuff bedrock and the effective rooting depth are about 55 em. The Painted Can? soils 
have moderately rapid to very rapid permeability and a very low available water capacity. 
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A typical profile of Painted Cave stony sandy loam (55% slope) is described as follows: 

0\,02 3·0 cm. 

Al 0·13 cm. light gray (IOYR i/2) stony sandy loam. dark yellowish brown (lOYR 4/4) moist: weak fine crumb struc· 
ture: nonsticky and friable moist. nonsticky and non plastic wet: 15% gravel. 15% cobble, 10% stone; few coarse 
roots. plentiful medium roots, abundant fine and very fine roots; abundant very fine and fine interstitial pores: 
moderately alkaline; clear wavy boundary. 

Cl 13·55 cm. very pale brown (10YR i /3) cobbly loamy sand. dark grayish brown (IOYR 4/2) moist: massive struc· 
ture: nonsticky and friable moist. nonsticky and non plastic wet: 20% gravel. 20% cobble. 10% stone: plentiful very 
fine. fine . medium. and coarse roots: abundant very fine and tine interstitial pores: moderately alkaline; clear 
wavy boundary. 

R 55+ cm. tuff bedrock. 

21. Rock Outcrop-Cone-StonelioD Complex. This complex contains deep (Cone series) and 
shallow (Stonelion series). well-drained soils that weathered from tuff parent materials. These 
soils are found on very steep to extremely steep mountain sideslopes vegetated with a pinon­
juniper woodland (Fig. 20) . 

The surface layers of the Cone soils are generally a pale brown or light yellowish brown very 
cobbly sandy loam, or loamy sand, about 30 cm thick. The subsoil is a very pale brown stony 
sandy loam about 40 cm thick and is underlaid by a pink very fine sandy loam or sandy clay 
loam substratum greater than 85 cm thick. The depth to bedrock and the effective rooting depth 
are greater than 150 cm. The Cone soils have moderate to moderately rapid permeability and 
moderate available water capacity. 

A typical profile of Cone very cobbly sandy loam (65% slope) is described as follows: 

A II 0·8 cm . pale brown (10YR 6/3) very cobbly sandy loam . dark yellowish brown (10YR 4/4) moist : weak very fine and 
fine granular st ructure : nonsticky and friable mois t. nonsticky and non plastic wet : 15% gravel. 30% cobble. 10% 
stone: abundant very fine and fine roots : neutral : abrupt smooth boundary. 

AI2 8·30 cm. light yellowish brown (lOYR 6/4) very cobbly loamy sand. dark yellowish brown flOYR 6/4) moist ; 
moderate very fine and fine granular structure: loose and friable moist. nonsticky and non plastic wet : 15% gravel. 
30% cobble. 5% stone: abundant verv fine and fine roots . few medium roots : abundant very fine and fine interstitial 
pores: mildly alkaline: clear smooth boundary. . 

82 :30·68 cm. very pa-le brown f 10YR i/4) stony sandy loam. yellowish brown flOYR 5/4) moist : weak fine and medium 
subangular blocky s tructure : nonsticky and friable moist . nonsticky and nonplastic wet : 20% ~ravel. 30% cobble. 
:20% stone : plent iful very fi ne and fine roots: plent iful fi ne and medium terminal pores : moderately alkaline : clear 
s mooth boundary. 

CI 68 ·104 cm . pink (i ,.5YR 7/4) \'ery stony very fine sandy loa m. yellowish brown (7.5YR ,il6) mois t : mass ive st ructu re : 
nonsticky and fri a ble moist . nonsticky and nonplastic wet: 15% gra vel. :20% cobble. 40°{, ;; tone : fe w ve ry fine and 
fine roo ts: few very fine and fine interstitial pores: moderately alkaline: gradual smooth boundary. 

C2 104·152+ cm . pink (7.3YR 7/4 ) very stony sandy clay loam . yellowish brown f7 .. :;YR .:;/6) moist : massive s tructure:' 
slightly hard a nd friable moist. nonsticky and s lightly plas t ic wet : 15% gravel. 20% cobble. 40% stone: few very 
fine. fi ne. and medium roots : fe w \'ery fine and tine interstit ia l pores : stron ~ly a lkaline. 

The Stonelion topsoi l is usually a very pale brown or light gray stony sandy loam about 30 cm 
thick . The substratum is about 10 cm thick and consists of a very pale brown stony loamy sand. 
The depth to tuff bedrock and t he effect ive rooting depth are about 40 cm. T he Stonelion soils 
have moderately rapid to very rapid permea bili ty and a very low ava ilable water ca pacity. 

The typical profile of Stone lion stony sandy loam (61 % slope ) is described as fo llows: 

A I I {J· 14 em, \'er~' pale brown (lOYR 7/:3 \ s tony sandy loam , brown (IOYR 4/11 moist: moderate fi ne and med ium 
gran ula r st ructure: nonst icky a nd very fria hle Inr.i5t. non ;; li c k~' and ,; I i ~ h t l \' p l a~t ic wet: lO o~ gra\'e l. :l0°;" cohb le. 
10°'0 ;; to ne: abundanl ,'er\' fine and fi ne root i< . few coa r~e ronl ;; : a hundanl ,'ery fine and fi ne inters titial pores : 
neut ra l: clear wa vy bounda ry , 
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A12 14-29 cm. light gray (lOYR 7/2) stony sandy loam. dark bro\\'I! (lOYR 7/2) moist: weak fine and medium granular 
structure: nonsticky and very friable moist. nonsticky and nonplastic wet: 10% gravel. 30% cobble. 40% stone: 
abundant very fine and fine roots. plentiful medium and coar~e roots: abundant very fine and fine interstitial 
pores; neutral; clear wavy boundary. 

Cl 29-40 cm. very pale brown (lOYR 8/3) stony loamy sand. yellowish bro\\'I! (lOYR 5/4) moist: massive structure: non­
sticky and very friable moist. nonsticky and nonplastic wet; 10% gravel. 30% cobble. 50% stone: abundant \'ery fine 
and fine roots. plentiful medium roots. few coarse roots: plentiful very fine and fine interstitial pores: moderately 
alkaline: abrupt wavy boundary. 

R 40+ cm. tuff bedrock. 

22. Rock Outcrop"Pelado-Kwage Complex. This complex contains deep (Pelado series) 
and moderately deep (Kwage series), well-drained soils that weathered from dacites of the 
Tschicoma Formation (Fig. 22). This complex contains a higher proportion of rock outcrop than 
the Kwage-Pelado-Rock Outcrop complex discussed previously. Both complexes are found on 
very steep to extremely steep mountain sides lopes vegetated with a Douglas fir-ponderosa pine 
forest. 

The surface layers of the Pelado soils in this complex are a dark grayish brown loam or gravelly 
loam about 35 em thick. The subsoil is about 85 cm thick and consists of a light gray or pale 
brown, gravelly or stony sandy clay loam underlaid by a very pale brown loamy sand substratum 
about 30 cm thick. The depth to bedrock and the effective rooting depth are greater than 150 cm_ 
The Pelado soils have moderate to very rapid permeability and a moderate available water 
capacity. 

A typical profile of Pelado loam (50% slope) is described as follows: 

01,02 3-0 cm. 

All 0·13 cm. light brownish gray (lOYR 6/21 loam. very dark grayish brown 1l0YR 3/2) moist: moderate fine and 
medium granular structure; nonsticky and friable moist. nonsticky and nonplastic wet: 10% gravel: few medium 
and coarse roots. abundant very fine and fine roots: abundant very fine and fine interstitial pores: neutral: clear 
smooth boundary. 

A12 13-36 cm. light brownish gray llOYR 6/21 gravelly loam. dark grayish brown OOYR 4/2) moist: moderate fine and 
medium granular structure: nonsticky and friable moist. nonsticky and non plastic wet: 15% gravel: few medium 
roots. plentiful very fine and fine roots; abundant very fine and fine interstitial pores; slightly acid; clear smooth 
boundary. 

B21 36·81 cm. light gray 1l0YR ;/2) gravelly sandy clay loam. pale brown !lOYR 6/31 moist: moderate fine and 
medium subangular blocky structure; nonsticky and friable moist. nonsticky and nonplastic wet: 65% gravel. 5% 
cobble: plentiful very fine. fine. and medium roots: abundant very fine and fine terminal pores: slightly acid: clear 
smooth boundary, 

B22 81-122 cm. pale bro\\'I! 110YR 6/3) stony hea\')' sandy clay loam. bro\\'I! (10YR 5/31 moist: weak very fine and fine 
subangular blocky structure: nonstick~' and friable moist. slightly sticky and slightly plastic wet: 20% gravel. 30% 
cobble. 20% stone: few coarse roots. plentiful very fine. fine. and medium roots; few very fine and fine interstitial 
pores. abundant very fine and fine terminal pores: neutral: gradual wa,,)' boundary. 

CI 12:1·152+ em. \'ery pale brown (IOYR 8/4) stony loamy sand. li"ht yellowish brown 1l0YR 6/4) moist: massive 
structure: loose moist. nonsticky and non plastic wet: 40% !!'ravel. 10% cobble. 20% stone: few medium roots. plen­
tiful ,'ery fine and fine roots: plentiful very fine and fine interstitial pores: neutral. 

The surface layers of the Kwage soils in this complex are generally a dark grayish brown. light 
gray. or very pale brown gravelly loam, sandy loam, or loamy sand. about 65 cm thick. The sub­
stratum is a very pale brown gravelJy loamy sand about 10 ern thick, The depth to bedrock and 
the effective rooting depth are about i5 cm. These Kwage soils have moderate to very rapid per­
meability, very low available water capacities, and moderate erodibility and erosion hazard 
ratings. 
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A typical profile of Kwage gravelly loam (62% slope) is described as follows: 

01,02 2·0 cm. 

Al 0·12 cm, dark grayish brown (lOYR 4/2) gravelly loam. very dark grayish brown (lOYR 3/2) moist; weak medium 
and coarse subangular blocky structure, moderate very fine and fine granular structure; nonsticky and friable 
moist, nonsticky and nonplastic wet; 40% gravel. 10% cobble. 10% stone; plentiful medium and coarse roots. 
abundant very fine and fine roots; abundant very fine and fine interstitial pores; neutral; clear smooth boundary. 

A2 12·39 cm. light gray (10YR 7/2) gravelly sandy loam. brown (lOYR 5/3) moist; weak moderate subangular blocky 
structure; nonsticky and friable moist. nonsticky and nonplastic wet; 40% gravel. 10% cobble. 5% stone; abun· 
dant very fine. fine. medium. and coarse roots; abundant very fine and fine interstitial pores; slightly acid; clear 
smooth boundary. 

A3 39·63 cm. very pale brown (lOYR 7/4) gravelly loamy san.d, yellowish brown (lOYR5/4) moist; massive structure; 
nonsticky and friable moist. nonsticky and nonplastic wet; 50% gravel, 15% cobble. 10% stone; abundant very 
fine, fine, medium. and coarse roots; abundant fine and medium interstitial pores; neutral; clear wavy boundary. 

Cl 63·74 cm. very pale brown (lOYR 7/3) gravelly loamy sand. brown (lOYR 4/3) moist; massive structure; nonsticky 
and friable moist. nonsticky and nonplastic wet; 50% gravel. 15% cobble. 10% stone; abundant very fine. fine. 
medium. and coarse roots; abundant fine and medium interstitial pores; neutral; clear wavy boundary. 

R 74+ cm. fractured dacite bedrock. 

23. Rock Outcrop-Pines-Tentrock Complex. The soils in this complex are deep (Pines 
series) and moderately deep (Tentrock series), well-drained soils that weathered from 
materials derived from welded tuffs (Fig. 25). This complex is found on very steep to extremely 
steep mountain sides lopes vegetated with ponderosa pine and contains about 20% rock outcrop 
in the mapping unit. The Rock Outcrop-CoIle-Painted Cave complex is usually found on the 
cooler, north-facing slopes adjacent to this complex. 

The surface layers of the Pines soils are typically a dark gray or light brownish gray gravelly 
sandy loam about 30 cm thick. The subsoil is about 55 cm thick and consists of a light brown very 
gravelly or cobbly clay loam underlaid by a 30-cm thick, brown, very cobbly clay loam sub­
stratum. The depth to tuff bedrock and the effective rooting depth are greater than 120 cm. The 
Pines soils have moderately slow permeability and a moderate available water capacity. 

A typical profile of Pines gravelly sandy loam (55% slope) is described as follows: 

01,02 3·0 cm. 

All 0·18 cm. dark gray (lOYR 4/1) gravelly sandy loam. black (lOYR 2/t) moist; weak fine granular structure: non· 
sticky and friable moist. nonsticky and nonplastic wet; 15% gravel. 10% cobble: abundant very fine roots. plen· 
tiful fine and medium roots; abundant medium and very fine interstitial pores; neutral; clear smooth boundary. 

A2 18·30 em. light brownish gray (lOYR 6/2) very gravelly sandy loam. brown (7.5YR 4/2) moist; massive structure: 
slightly hard and friable moist. nonsticky and slightly plastic wet; 20% gravel. 20% cobble; plentiful fine and 
medium roots; abundant very fine and fine interstitial pores; neutral; clear wavy boundary. 

81 30·53 cm. light brown (7.5YR 6/4) very gravelly clay loam. dark brown (7.5YR 3/2) moist: weak fine and medium 
subangular blocky structure; hard and friable moist. sticky and plastic wet; 25% gravel. 20% cobble; abundant 
fine. medium. and coarse roots; plentiful very fine terminal pores; neutral; clear wavy boundary. 

82 53·86 cm. light brown (7.5YR 6/4) very cobbly clay loam. brown (7.5YR 4/4) moist: weak fine and medium sub. 
angular blocky structure: hard and friable moist. sticky and plastic wet: 25% gravel, 20% cobble. 5% stone: few 
fine roots. plentiful medium and coarse roots; plentiful very fine terminal roots: neutral; gradual wavy boundary. 

CI 86·117+ cm. brown (7.5YR 5/4) very cobbly clay loam. brown (7.5YR 4/4) moist: massive structure: hard and 
friable moist. sticky and plastic wet: 45% gravel: 25% cobble. 10% stone; few fine medium. and coarse roots: few 
very tine and tine terminal pores; neutral. 
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The surface layers of the Tentrock soils are generally a brown or pale brown gravelly sandy 
loam about 20 cm thick. The subsoil is about 10 cm thick and consists of a dark yellowish brown 
cobbly sandy loam, which is underlaid by a very pale brown sandy loam greater than 30 cm 
thick. The depth t.o tuff bedrock is greater than 63 cm and the effective rooting depth is about 55 
cm. Tentrock soils have moderately rapid permeability and a very low available water capacity. 

A typical profile of Tentrock gravelly sandy loam (74% slope) is described as follows: 

01 ,02 1·0 cm. 

All 0·5 cm. brown (10YR 5/3) gravelly sandy loam, dark brown (lOYR 3/3) moist; weak fine granular structure; non· 
sticky and very friable moist, nonsticky and nonplastic wet; 15% gravel; plentiful very fine and fine roots: abun· 
dant very fine and fine interstitial pores; neutral; clear smooth boundary. 

A12 5·20 cm, pale brown (lOYR 6/3) gravelly sandy loam, brown (lOYR 4/3) moist ; moderate mediu~ granular struc· 
ture, weak fine granular structure; nonsticky and very friable moist, nonsticky and nonplastic wet ; 15% gravel; 
abundant very fine and fine roots; abundant fine and very fine interstitial pores; neutral; clear smooth boundary. 

82 20·32 cm, pale brown (lOYR 6/3) cobbly heavy sandy loam. dark yellowish brown (lOYR 4/4) moist; moderate 
medium granular structure, weak fine granular structure; nonsticky and very friable moist. slightly.sticky and 
nonplastic wet; 35% gravel , 15% cobble; plentiful very fine. fine, and medium roots , few coarse roots; abundant 
very fine and fine interstitial pores; neutral; clear smooth boundary. 

Cl 32·58 cm, very pale brown (l0"r"R 7/3) very cobbly sandy loam, brown (10YR 5/3) moist ; massive structure; 
slightly hard and friable moist, nonsticky and nonplastic wet; 30% gravel, 40% cobble: few very fine and fine roots, 
plentiful medium and coarse roots; plentiful very fine and fine interstitial pores; neutral; clear smooth boundary. 

C2 58·63+ cm, very pale brown (lOYR 7/4) sandy loam, yellowish brown (lOYR 5/4) moist; massive structure; 
slightly hard and friable moist , nonsticky and nonplastic wet; neutral. 

24. Sanjue-Arriba Complex. The soils in this complex are deep, well·drained soils that 
weathered in materials derived from pumice (Sanjue series) or dacites of the Puye Conglomerate 
(Arriba series) . This complex is found on moderately steep to very steep mountain sideslopes 
forested with ponderosa pine (Fig. 19) . 

The surface layers of the Sanjue soils are typically a grayish brown or light brownish gray 
gravelly sandy loam or loamy sand about 20 cm thick. The substratum is a light gray or white 
gravelly sand greater than 130 cm thick. The depth to unweathered pumice and the effective 
rooting depth are greater than 150 cm. The Sanjue soils have moderately rapid to very rapid per· 
meability, very low available water capacity, moderate erodibility, and a low erosion hazard 
rating. 

A typical profile of Sanjue very gravelly sandy loam (40% slope) is described as follows: 

01,02 3·0 cm. 

All 0·5 cm, grayish brown (lOYR 5/2) very gravelly sandy loam, very dark gray (lOYR 3/ l) moist ; weak fine and 
medium granular structure: nonsticky and friable moist , nonsticky and nonplastic wet ; 50% gravel; few very fine . 
fine, and medium roots; abundant very fine and fine interstit ial pores; m ildly alkaline: clear smooth boundary. 

A12 5·21 em. light brownish gray (lOYR 6/2) very graveJly loamy sand . very dark grayish brown (lO""R 3/21 moist; 
weak very fine and fine gran ular structure; nonsticky and friable moist . nonsticky and non plast ic wet; 75% !!,ravel; 
abundant very fine, fi ne, mediu m and coarse roots: abundant very fine and fine interst itia l pores; neutral : clear 
wavy boundary . 

CI 21 ·46 cm. light gray (lOYR 7/2 ) very gravelly sand. light yellowish brown (lOYR 6/4) moist ; single gra in st ructure: 
loose moist. nonst icky and nonplastic wet; 90% gravel: plentiful coarse roots. abundant very fine. fine . and 
medium roots: plentiful fine and medium interstitial pores ; neutral : abrupt wavy boundary. 

C2 46· 153+ cm. white (lOYR 8/11 very gravelly sand (unweathered pumice l. white 1l0YR 8/ll moist: mass ive struc· 
t ure: slight ly hard and fr iable moist. weakly cemented. nonst ick~' and nonplast ic wet ; 95% grave l: few very fine 
and fine roots; plentiful fine and medium interstitial pores. 
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The surface layers of the Arriba soils are generally a very pale brown loam about 10 cm thick. 
The subsoil is greater than 145 cm thick and consists of a reddish yellow or pink clay loam, silty 
clay loam or sandy clay loam. The effective rooting depth is about 105 em, but the depth to 
dacite bedrock is greater than 155 cm. The Arriba soils have a moderate to moderately slow per­
meability, high available water capacity, moderately high erodibility, and a moderate erosion 
hazard rating. 

A typical profile of Arriba loam (18% slope) is described as follows: 

01 ,02 3·0 cm. 

Al 0·; cm, very pale brown (lOYR 7/3) loam, yellowish brown (IOYR 5/4) moi8t; weak medium platy structure; non· 
sticky and very friable moist, nonsticky and slightly plastic wet; 5% gravel , 5% stone; abundant very fine and fine 
roots, plentiful medium roots; abundant very fine and fine interstitial pores; neutral; abruRt wavy boundary. 

B2lt 7·50 cm. reddish yellow (7.5YR 7/6) heavy clay loam, strong brown (7.5YR 5/6) moist; moderate fine and medium 
platy structure; hard and firm moist, sticky and plastic wet; many moderately thick clay films on ped faces ; 10% 
gravel, 5% cobble; plentiful very fine, fine, medium. and coarse roots; abundant very fine and fine terminal 
pores; neutral; gradual wavy boundary. 

822t 50·104 cm, pink (7.5YR 7/4) silty clay loam, brown (7.5YR 5/4) moist; slightly hard and friable moist, slightly 
sticky and slightly plastic wet; common moderately thick clay films on ped faces; 10% gravel. 5% cobble; few 
very fine, fine, and medium roots; plentiful very fine and fine tenninal pores. plentiful fine interstitial pores; 
neutral ; gradual wavy boundary. 

83t 104·153+ cm, reddish yellow (7.5YR 6/6) sandy clay loam, strong brown (5YR 5/6) moist; weak fine platy struc· 
ture; slightly hard and friable moist, slightly sticky and slightly plastic wet ; common thin clay films on ped faces; 
10% gravel, 10% cobble, 5% stone; plentiful very fine and fine interstitial pores, plentiful fine terminal pores; 
mildly alkaline. 

25. Santa Klara-Armstead Complex. The soils in this complex are moderately deep (Santa 
Klara series) to deep (Armstead series) well-drained soils that weathered from dacites and 
latites of the Tschicoma Formation (Fig. 15) . This complex is found on moderately steep to very 
steep mountain sideslopes vegetated with a Douglas fir-ponderosa pine forest. 

The surface layers of the Santa Klara soils are a dark gray, grayish brown, or light gray very 
stony loam, gravelly loam, or gravelly silty clay loam about 50 em thick. The subsoil is about 35 
cm thick and consists of a light gray or reddish yellow gravelly clay loam or clay. The effective 
rooting depth is about 70 em, and the depth to bedrock is about 80 cm. The Santa Klara soils in 
this complex have moderate to moderately slow permeability, and moderate available water 
capacity, erodibility and erosion hazard ratings. 

A typical profile of Santa Klara very stony loam (33% slope) is described as follows: 

01,02 2·0 cm. 

A l 0·10 cm. da rk gray (lOYR 4/1) very stony loam, very dark gray (lOYR 3/1) moist ; moderate very fine and fine 
granular 3tructure; nonsticky and friable moist , nonsticky and non plastic wet; 15% gravel , 10% cobble, 30% 
stone; abundant very fine, fine and medium roots, few coarse roots; abundant very fine and fine interstitial pores; 
neutral; clear smooth boundary. 

A21 10·26 cm, grayish brown (IOYR 5/2) gravelly loam, very dark grayish brown (10YR 3/2 ) moist; weak fine and 
medium subangular -blocky structure. moderate fine and medium granular structure; nonsticky and friab le moist. 
nonsticky and non plastic wet; 30% gravel, 10% cobble, 10% stone; abundant very fine. fine, medium, and coarse 
roots ; abundant very fine and fine intersti t ial pores; neutral; clear wavy boundary. 

A22 26·48 cm. light gray (IOYR ; /2) gravelly light silty clay loam. brown (10YR 4/3) moist; strong fine medium sub· 
angular blocky structure; slightly hard and fria ble moist. very sticky and plas tic we t; few thin clay fil ms on ped 
faces ; 25% graveL 20% .cobble. 10% stone; p lentiful very fine and fine roots. few medium and coarse roots: plen. 
t iful line and medium terminal pores; neutral; abrupt wavy boundary. 
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B21t 48·70 cm. light gray (JOYR 7/2) gravelly heavy clay loam. dark grayish brown 110YR -1/2) moist : strong medium 
and coarse subangular blocky structure; slightly hard and friable moist. sticky and plastic wet : many thin clay 
films on ped faces: 30% gravel. 20% cobble , 10% stone; few very fine. fine , and medium roots: few fine and 
medium terminal pores: mildly alkaline: gradual wavy boundary. 

B22t 70·81 cm. reddish yellow (i .5YR 6/6) gravelly clay. yellowish brown (7.5YR 5/6) moist: strong fine and medium 
subangular blocky structure; hard and firm moist. sticky and plastic wet : man~' moderately thick clay films on 
coarse fragments . common moderately thick clay films on ped faces: 30% gravel. 20% cobble. 20% stone: few fine 
and medium terminal pores: mildly alkaline. 

R 81 + cm, dacite bedrock. 

The Armstead soils are described in the Armstead series section. 

26. Shell-Anesa Complex. The soils in this co~plex are deep, well-drained soils that 
weathered in materials derived from tuff (Shell series) or pumice (Anesa series). Both soils 
developed on very steep to extremely steep mountain sideslopes vegetated with a Douglas fir­
ponderosa pine forest (Fig. 20). 

The surface layers of the Shell soils are typically a light brownish gray or very pale brown 
gravelly loam or cobbly sandy loam about 55 cm thick. The 'subsoil is about 20 crn thick and con­
sists of a very pale brown cobbly sandy loam underlaid by a yellow or pinkish white cobbly or 
stony sandy loam substratum about 80 cm thick. The Shell soils have moderate to moderately 
rapid permeability and moderate available water capacity, erodibility, and erosion hazard 
ratings. 

A typical profile of Shell gravelly loam (43% slope) is described as follows: 

All 0-5 cm. light brownish gray (lOYR 6/2) gravelly loam . very dark J:rayish brown (lOYR 312) moist: moderate very 
fine and fine granular structure: nonsticky and friable moist. nonsticky and nonplastic wet : 20% J:ravel. 10% cob· 
ble : abundant very fine and fine roots. few medium roots: abundant very fine and fine terminal pores: abrupt 
smooth boundary. 

AI2 5-18 cm. light brownish gray (lOYR 6/2) gravelly loam. brown (lOYR -1/3) moist: moderate very fine and fine 
granular structure : nonsticky and friable moist. nonsticky and nonplastic wet: 30% gravel. 10% cobble: abundant 
very fine and fine roots. few medium roots: few very fine and fine interstitial pores : neutral; abrupt smooth boun· 
dary . 

A2 18·.:;6 cm . \'er~' pale brown (IOYR 7/31 cobbly sandy loam. brown (IOYR /53) moist: weak very fine and fine granular 
structure: nonsticky and friable moist . nonsticky and nonplastic wet: 10% gravel. 15% cobble. 10% stone: plentiful 
very fine and fine roots. few medium and coarse roots : abundant \'ery fine and fine terminal pores; neutral: clear 
,mooth boundary . 

B2 .56·7-1 cm. very pale brown (IOYR ; /-1) cobbly sandv loam . yellowish brown 11 OYR 5/-11 moist: weak ver\' fine and 
fine granular structure: nonsticky and friable moist. nonsticky and nonpla!'tic wet: .'i% gra\'el. 20°. cobble. 1.=;% 
:'tone : few \'ery fine. fine. and medium roots : abundant \'ery fine and fine interstitial pores: neutral : gradual smooth 
boundary . 

Cl ;-1·99 em . ~'ellow 1l0YR 7/6) cobbly sandy loam . ~'ellowish brown IIOYR 5/6} moist: weak \'er~' fine and fine granular 
structu re: nonsticky and friable moist . nonstick~' and nonplastic wet : 1:j~. gravel. -10°. cohble. 10% s tone : few \'ery 
fine. fine. and medium roots : abundant very fine and fine interstitial pores: neutral:, gradual smooth boundar~', 

C2 99·Ui:2 + cm . pinkish white (5YR 8/2) ston\, sand~' loam. pink 1; ,::; 't'R 7/-11 moi :< t : massive ;;tructure : nomtick~' and 
friahle moist. nonsticky and nonplastic wet : 5% !!ravel. 10°'0 cobb le, :20°. stone : few \'er\, fine and fine root ;: plen . 
tiful \'er\' fine and fine int erst itial pores: neut ra l. 

The surface layers of the Anesa soi ls are generaJly a pale brown or white very graveJly loamy 
sand about 20 cm t hick . T he subst rat um is more than 140 cm thick and consists of a white or 
very pale biOwn very grave lly sand. loam. or fine I'andy loam . The effective rooting depth and the 
depth to bedrock are grea ter than 165 cm. The Anesa i'oi ls haw moderate to very rapid per­
meability. low a\'ailable water capacity. and moderate erodibility and erosion hazard ratings, 
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A typical profile of Shell gravelly loam (43% slope) is described as follows: 

All 0·5 cm, light brownish gray (10YR 6/2) gravelly loam, very dark grayish brown (lOYR 3/2) moist; moderate very 
fine and fine granular structure; nonsticky and friable moist, nonsticky and non plastic wet; 20% gravel, 10% cob. 
ble; abundant very fine and fine roots, few medium roots; abundant very fine and fine terminal pores; abrupt 
smooth boundary. 

AI2 5·18 cm, light brownish gray (10YR 6/2) gravelly loam, brown (10YR 4/3) moist; moderate very fine and tine 
granular structure; nonsticky and friable moist, nonsticky and nonplastic wet; 30% gravel, 10% cobble; abundant 
very fine and fine roots, few medium roots; few very fine and fine interstitial pores; neutral ; abrupt smooth boun· 
dary. 

A2 18·56 cm, very pale brown (10YR 7/3) cobblysandy loam, brown (lOYR5/3) moist; weak very fine and fine granular 
structure; nonsticky and friable moist, nonsticky and nonplastic wet; 10% gravel, 15% cobble, 10% stone; plentiful 
very fine and fine roots, few medium and co~e roots; abundant very fine and fine terminal pores; neutral; clear 
smooth boundary. 

82 56·74 cm, very pale brown (lOYR 7/4) cobbly sandy loam, yellowish brown (lOYR 5/4) moist; weak very fine and 
fine granular structure; nonsticky and friable moist, nonsticky and nrmplastic wet; 5% gravel, 20% cobble, 15% 
stone; few very fine, fine, and medium roots; abundant very fine and fme interstitial pores; neutral; gradual smooth 
boundary. 

CI 74·99 cm, yellow (lOYR 7/6) eobbly sandy loam, yellowish brown (lOYR 5/6) moist; weak very fine and fine granular 
structure; non sticky and friable moist, nonstieky and non plastic wet; 15% gravel. 40% cobble, 10% stone ; few very 
fine, fine, and medium roots; abundant very fine and fine interstitial pores; neutral; gradual smooth boundary. 

C2 99·152+ em, pinkish white (5YR 8/2) stony sandy loam, pink (7.5YR 7/4) moist; massive structure; nonsticky and 
friable moist, nonsticky and nonplastic wet; 5% gravel, 10% cobble, 20% stone; few very fine and fine roots; plen. 
tiful very fine and fine interstitial pores; neutral. 

The surface layers of the Anesa soils are generally a pale brown or white very gravelly loamy 
sand about 20 cm thick. The substratum is more than 140 cm thick and consists of a white or 
very pale brown very gravelly sand. loam. or fine sandy loam. The effective rooting depth and the 
depth to bedrock are greater than 165 cm. The Anesa soils have moderate to very rapid per· 
meability. low available water capacity, and moderate erodibility and erosion hazard ratings. 

A typical profile of Anesa very gravelly loamy sand (55% slope) is described as follows: 

01,02 3·0 em. 

All 0·16 em, pale brown (lOYR 6/3) very gravelly loamy sand, brown (IOYR 4/31. moist; weak fine and medium 
. granular structure; nonsticky and very friable moist, nonsticky and nonpla~tic wet; 60% gravel; abundant very 
fine and fine roots, few medium and coarse roots; abundant \'ery fine and fine interstitial pores ; moderately 
alkaline; clear wavy boundary. 

AI2 16·22 cm, white (IOYR 8/2) very gravelly loamy sand. yellowish brown (lOYR 5/4) moist; weak fine and medium 
granular structure; nonsticky and very friable moist, nonsticky and nonplastic wet ; i5% gravel; abundant very 
fine and fine roots, plentiful medium and coarse roots; abundant very fine and fine interstitial pores; moderately 
alkaline; clear wavy boundary. 

CI 22·74 cm, white (lOYR 8/2) very gravelly sand, pale brown (10YR 6/3) moist; massive structure; loose moist. non· 
sticky and nonplastic wet; 95% gravel; abundant very fine and fine roots, plentiful medium and coarse roots; 
abundant medium and coarse interstitial pores; moderately alkaline; clear wavy boundary. 

C2 i4·83 cm, white (10YR 8/1) very gravelly loam, light gray (lOYR i/2) moist; massive structure; hard and very firm 
moist, nonsticky and non plastic wet; 50% gravel; plentiful very fine and fine interstitial pores: moderately alkaline; 
clear wavy boundary. 

C3 . 83· 100 cm, very pale brown (lOYR 8/3) very gravelly sand. yellowish brown (lOYR 5/6) moist; massive structure: 
loose moist, nonsticky and nonplastic wet; 95% gravel; plentiful fine roots; abundant medium and coarse in· 
terstitial pores; moderately a lka line; abrupt smooth boundary. 

\ 

~ , ! 

. J 



C4 100·110 cm. white (10 YR 8/1) gravelly fine sandy loam. light gray (lOYR i/ll moist: massive structure; slightly 
hard and friable moist, nonsticky and nonplastic wet; 25% gravel: plentiful fine roots: abundant fine and medium 
interstitial pores; moderately alkaline; clear smooth boundary. 

C5 110·121 cm. very pale brown (lOYR 8/3) fine sandy loam, light yellowish brown (}OYR 6/4) moist: massive struc· 
ture; slightly hard and friable moist. nonsticky and slightly plastic wet; plentiiul fine roots; plentiful very fine and 
fine interstitial pores; strongly alkaline; abrupt smooth boundary. 

C6 121·163+ cm. very pale brown (lOYR 8/3) gravelly sand, light gray (lOYR i/2) moist; massive structure; nonsticky 
and very friable moist, nonsticky and nonplastic wet: 15% gravel: plentiful medium roots ; abundant very fine and 
fine interstitial pores; strongly alkaline. 

27. Turkey-CabraoRock Outcrop Complex. The soils in this complex are shallow (Turkey 
series) to deep (Cabra series), well·drained soils that weathered from dacites and latites of the 
Tschicoma Formation (Figs. 15 and 19). This complex is found on very steep to extremely steep 
mountain sideslopes vegetated with a ponderosa pine forest. 

The surface layers of the Turkey soils are generally a dark grayish brown or light gray stony 
loam or clay loam about 30 cm thick. The subsoil is about 25 cm thick and consists of a white or 
brown stony sandy clay loam, or clay loam. The effective rooting depth is about 50 cm and the 
depth to dacite·latite bedrock is about 55 cm. The Turkey soils have moderate to moderately 
slow permeability. a very low available water capacity, moderate erodibility, and a high erosion 
hazard rating. 

A typical profile of Turkey stony loam (58% slope) is described as follows: 

01,02 5·0 em. 

All 0·7 cm, dark grayish brown (lOYR 4/2) stony loam. very dark gray (lOYR 3/ 1) moist: moderate fine and medium 
granular structure; nonsticky and friable moist , nonsticky and nonplastic wet.; 50% gravel. 15% cobble, 20% 
stone; few coarse roots . plentiful medium roots, abundant very fine and fine roots; abundant very fine and fine in· 
terstitial pores; neutral; clear wavy boundary . 

AI2 7·28 cm, light gray (lOYR 7/2) stony clay loam, dark yellowish brown (lOYR 4/4) moist ; weak fine granular struc· 
ture: nonsticky and friable moist, sticky and slightly plastic wet; 60% gravel, 15% cobble, 25% stone; plentiful 
very fine and fine roots, abundant medium and coarse roots; abundant very fine and fine interstitial pores: 
neutral; clear wavy boundary. 

Bl 28·52 cm, white (lOYR 8/2) stony sandy clay loam. brown (IOYR 5/3 ) moist; massive structure; nonsticky and 
friable moist, sticky and slightly plastic wet; 50% gravel. 20% cobble, 20% stone; few very fine and fine roots. 
plentiful medium and coarse roots ; abundant very fine and fine interstitial pores; mildly alkaline; clear irregular 
boundary. 

B2t 52·54 cm, brown (j.5i1t 5/4) very stony heavy clay loam. brown (7.5)1t 4/4) moist: massive structure: hard and 
firm moist. sticky and plastic wet; many moderately thick clay films on coarse fragments; 40% gravel. 20% cobble. 
35% stone; mildly a lkaline : clear irregular boundary. 

R 54+ em , dacite and latite bedrock. 

The Cabra soils in this complex are described in the Cabra series section. 

28. Unnamed Soils of the Eutrandepts-Ustipsamments.Haplustalfs Complex. The un ­
named soils of this complex are deep, well -drained soils that weathered from pumice (Entic 
Eutrandepts and Typic Ustipsamments) or dacites of the Puye Conglomerate (Udic 
Haplustalfsl. This complex is found on level to moderately sloping land areas vegetated with a 
pinon-juniper woodland (Fig. 24) . 

The surface layer of the Entic Eutrandepts is typically a light yellowish brown gravelly sandy 
loam about 10 cm thick. The subsoil is about 20 cm thick and consists of a reddish yellow 
gravelly clay loam underlaid by a whi te very gravelly sand substratum about 125 cm thick . The 
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effective rooting depth is about 30 cm and the depth to pumice parent materials is greater than 
155 cm. These Entic Eutrandepts have a moderately rapid to moderately slow permeability, very 
low available water capacity, moderately high erodibility, and a low erosion hazard rating. 

A typical profile of Entic Eutrandept, ashy-skeletal, mesic (5% slope) is described as follows: 

Al 0-11 cm, light yellowish brown (10YR 6/4) gravelly sandy loam, brown (lOYR 4/3) moist ; weak medium platy struc· 
ture. moderate medium granular structure; nonsticky and friable moist, nonsticky and slightly plastic wet; 15% 
gravel; abundant very fine and fine roots. few medium roots; abundant very fine and fine interstitial pores; neutral; . 
clear smooth boundary. 

82 11·30 cm. reddish yellow (7.5YR 7/6) gravelly light clay loam, brown (7 .5YR 4/4) moist; moderate fine and medium 
subangular blocky structure; nonsticky and friable moist. slightly sticky and slightly plastic wet ; 20% gravel; plen­
tiful very fine , fine. and medium roots. few coarse roots; abundant very fine and fine interstitial pores. plentiful fine 
terminal pores; mildly alkaline; clear wavy boundary. 

Ct 30·80 cm. white (lOYR 8/2) very gravelly sand, white (lOYR 8/2) moist ; massive structure; hard and fum moist. non· 
sticky and nonplastic wet ; 95% gravel; abundant fine and medium interstitial pores. 

C2 80-153+ cm. white (lOYR 8/2) very gravelly sand. white (lOYR 8/2) moist ; massive structure; hard and firm moist, 
nonsticky and nonplastic wet; 95% gravel; abundant fine and medium interstitial pores. 

The surface layers of the Typic Ustipsamments are generally a very pale brown gravelly loamy 
sand about 30 cm thick. The substratum is greater than 130 cm thick and consists of a brown or 
white gravelly loamy sand or sand. The effective rooting depth is about 160 cm and the depth to 
pumice parent materials is greater than 160 cm. The Typic Ustipsamments have a very rapid 
permeability, very low available water capacity, moderate erodibility, and a low erosion hazard 
rating. 

A typical profile of a Typic Ustipsamment, ashy, mesic (12% slope) is described as follows: 

Al 0·27 cm. \'ery pale brown (10YR 7/4) gravelly loamy sand. dark yellowish brown (lOYR 4/4) moist ; weak fine 
granular structure: nonsticky and very friable moist. nonsticky and nonplastic wet; 25% gravel; plentiful medium 
and coarse roots. abundant very fine and fine roots; abundant very fine and fine interst itial pores; mildly alkaline; 
gradual smooth boundary. 

Ct 27·69 cm. very pale brown (lOYR 7/3) gravelly loamy sand. brown (lOYR 5/3) moist ; massive structure; nonsticky 
and very friable moist. nonsticky and non plastic wet; 25% gravel; plentiful medium and coarse roots, abundant very 
fine and fine roots; abundant very fine and fine interstitial pores; mildly alkaline; gradual smooth boundary. 

C2 69·160 cm. very pale brown (lOYR 7/3) gravelly loamy sand, brown (lOYR 5/3) moist; massive structure ; nonsticky 
and very friable moist. nonsticky and non plastic wet; 30% gravel: plentiful very fine. fine. medium and coarse roots; 
abundant very fine and fine interstitial pores; mildly alkaline: clear smooth boundary. 

C3 160+ em. white (lOYR 8/ll gravelly sand. white (lOYR 8/1) moist: massive structure: nonstieky and friable moist. 
nonsticky and non plastic wet ; 95% gravel: abundant very fine and fine inters titia l pores. 

The surface layer of the Udic Haplustalfs is generally a yellow loam about 5 cm thick. The sub­
soil is a light brown, light yellowish brown, yellow, or reddish yellow silty clay loam, or gravelly 
clay loam, about 90 cm thick. The subst ratum is about 55 cm thick and consists of a reddish 
yellow, pink, or white very gravelly sandy loam or loamy sand. The effective rooting depth is 
about 130 cm and the depth to dacite bedrock is greater t han 155 cm. These Udic Haplustalfs 
have moderate to moderately slow permeability, moderate available water capacity, moderately 
high erodibility, and a low erosion hazard rating. 

A typical profile of a LTdic Haplustalf, fine. mixed, mesic (8% slope) is described as follows: 

Al 0·6 cm. yellow (lOYR 7/61 loam. dark brown (lOYR 3/31 moist : weak fi ne pla ty structure. moderate very ti ne and 
fi ne granular struct ure: st icky and very friable moist . slight ly st icky and nonplast ic wet: .5% gravel: abundant 
very fine and fi ne interst it ia l pores: neutral : abrupt ~mooth boundary. 
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BI 6-15 cm. light brown (i.5YR 6/4) silty clay loam. brown (i .5YR 4/4) moist ; moderate fine and medium sub· 
angular blocky structure ; slightly hard and friable moist. sticky and plastic wet: 5% gravel; abundant very fine 
and fine roots. plentiful medium and coarse roots ; plentiful very fine and fine interstitial pures : mildly alkaline: 
clear wavy boundary. 

B21t 15-46 cm, light yellowish brown (10YR 6/4) silty clay loam, dark brown (JOYR 3/3) moist ; strong fine and medium 
angular blocky structure ; hard and friable moist . sticky and plastic wet ; many thin clay films on ped faces: 5% 
gra\'el ; abundant very fine and fine roots. plentiful medium and coarse roots : plentiful very fine and finE< in· 
terstitial pores; moderately alkaline; clear wavy boundary. 

B22t 46-69 cm. yellow (lOYR i /6) silty clay loam. dark brown (lOYR 3/3) moist; moderate medium prismatic st ruc­
ture ; slightly hard and friable moist , sticky and plastic wet ; common thin clay films on ped faces : 10% gravel ; 
plentiful very fine, fine, and medium roots , few coarse roots ; plentiful very fine and line interstitial and terminal 
pores; moderately alkaline; clear wavy boundary. 

B3tca 69-96 em, reddish yellow (7.5YR 6/6) gravelly clay loam. brown (7 .SYR 4/4) moist; moderate medium prismatic 
structure; nonsticky and friable moist . sticky and slightly plastic wet ; many thin clay films on ped faces ; 20% 
gravel. 5% cobble; plentiful very fine and fine roots; plentiful very fine and fine terminal pores ; moderately 
alkaline; clear wavy boundary. 

Cltca 96-128 cm. reddish yellow (i .5YR 6/6) very gravelly sandy loam, strong brown (i .5YR 5/6) moist ; weak fine and 
medium subangular blocky structure; slightl~' hard and friable moist . s lightly sticky and nonplastic wet : com · 
mon thin clay films on ped faces : 50% gra\·el. 15% cobble. 5% stone ; few very fine and fine roots: plentiful very 
fine and fine interstitial pores; moderately alkaline ; clear irregular boundary. 

C2tca 128-147 cm. pink (7.5YR i /4) very gravelly loamy sand. brown (7 .5YR 4/4) moist : massive structure: slightly hard 
and friable moist, nonsticky and nonplastic wet ; common thin clay films in bridges between mineral grains: .jO% 
gravel. 20% cobble. 10% stone ; plentiful very fine and fine interstitital pores; moderately alkaline ; clear irregular 
boundary. 

C3ca 14i·153+ em, white (lOYR 8/ ll very gravelly loamy sand. white 1l0YR 8/1) moist; massive structure: slightly 
hard and friable moist, nonst icky and non plastic wet ; 50% gravel. 20% cobble. 15% stone; plentiful very fine and 
fine interst itial pores ; strongly alkaline . 

29. Unnamed Soils of the Typic Ustorthents-Rock Outcrop Complex. The Typic 
Ustorthents in this complex are deep. well-drained soils that weat hered from dacites and 
latites of the Puye Conglomerate (Fig. 21). This complex is found on very steep to extremely 
steep mountain sideslopes vegetated with a piiion-juniper woodland. 

The surface layers of the Typic Ustorthents are generally a pale brown stony or gravelly sandy 
loam about 5 cm thick . The substratum is about 150 cm thick and generally consists of a very 
pale brown or light gray gravelly loamy sand or sand . The effective rooting depth is about 50 cm 
and the depth to dacite-lat ite bedrock is greater than 155 cm. The Typic Ustorthents have 
moderately rapid to very rapid permeabi li ty and a very low available water capacity. 

A typical profile of Typic Ustorthent , sandy-skeletal, mixed, mesic (64% slope) is described as 
follows: 

A l 0-6 cm . pale brown (10YR 6/3) gravelly sandy loam. dark brown (lOYR 3/3) moist : st rong very fin e and fine 
granular structure; nonsticky and friable moist . nonsticky and nonplasti c we t ; 30% gravel. 20% cobble . 10% stone: 
abundant very fi ne and fine roots, p lentiful medium roots. few coarse roots; a bundant very fin e and fine intersti t ia l 
pores ; neutra l ; clear wavy boundary. 

C l 6-18 cm . very pale brown (lOYR 8/4) very grave lly loamy sand. ye llowish brown (IOYR :;/.jji moist : massive s truc · 
ture: slig-ht ly hard and fr iab le moist. nonsticky and nonp lastic wet: 50% g-rawl: few \ ' e~' fine. fine . medium and 
coarse roots: plentiful \'e~' fine and fine interst it ial pores : neut ra l: abrupt wa\'y bounda~' d~· . clear wan- boundary 
moist. 

C2 18-;:!9 em . light gray 1l0YR 7(1) gravelly sand . pale brown (IOYR 6/3) moist: mass iYe structure . nomti('k~' and 
friab le moist. nonsticky and nonplastic wet : weakly cemented: 80% g-ravel. lO~o cobble: few ver\, fine. fine. and 
coarse roots. plent ifu l medium roots: plentiful fine and medium int erst itial pore;; : neutral: abrupt wa\'\' bouno,\T\' 
dr,\" . clear \\'a\'\' bound ary wet. 
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C3 29·52 cm. very pale brown (lOYR 7/3) gravelly sand. yellowish brown (lOYR 5/6) moist; massive structure; hard and 
friable moist, nonsticky and non plastic wet; weakly cemented; 30% gravel; few very fine. fine, and medium roots, 
plentiful coarse roots: plentiful fine and medium interstitial pores; neutral; clear wavy boundary dry, gradual wavy 
boundary moist. 

C4 52·82 em, very pale brown (lOYR 8/3) very gravelly sand, light yellowish brown (lOYR 6/4) moist: massive struc· 
ture; hard and friable moist. nonsticky and non plastic wet; weakly cemented; 60% gravel; plentiful fine and 
medium interstitial pores; mildly alkaline; clear wavy boundary, moist, gradual wavey boundary dry. 

C5 82·102 cm, very pale brown (lOYR 7/3) very gravelly sand, light yellowish brown (lOYR 6/4) moist; massive struc· 
ture; hard and friable moist, nonsticky and non plastic wet; weakly cemented; 70% gravel; abundant fine and 
medium interstitial pores; mildly alkaline; gradual wavy boundary. 

CSt 102·122 cm, light gray (lOYR 7/2) very gravelly sand, light yellowish brown (lOYR 6/3) moist; massive structure; 
hard and friable moist, nonsticky and nonplastic wet; weakly cemented many thick clay films on coarse fragments; 
50% gravel; abundant fine and medium interstitial pores; moderately alkaline; gradual wavy boundary. 

C7 122·153+ em, white (lOYR 8/2) very gravelly loamy sand,light yellowish brown (lOYR 6/3) moist; massive structure; 
nonstieky and friable moist, nonsticky and nonplastic wet; weakly cemented; 40% gravel; abundant very fine and 
fine interstitial pores; moderately alkaline. 

30. Unnamed Soils of the Ustochreptic Camborthids-Rock O~tcrop Complex. The 
Ustochreptic Camborthids in this complex are deep well-drained soils that weathered from 
dacites and latites of the Puye Conglomerate (Fig. 21). This complex is found on very steep to ex­
tremely steep mountain sideslopes vegetated with a piiion-juniper woodland. 

The surface layers of these Ustochreptic Camborthids is usually a pale brown or light brownish 
gray, very cobbly or gravelly, sandy loam about 35 cm thick. The subsoil is a pale brown or very 
pale brown gravelly sandy loam or loamy sand about 55 cm thick. The substratum is greater than 
60 cm thick and consists of a very pale brown or light gray very gravelly loamy sand or sand. The 
depth to bedrock and the effective rooting depth are greater than 152 cm. This soil has 
moderately rapid to very rapid permeability and a low available water capacity. 

A typical profile of an Ustochreptic Camborthid, loamy-skeletal, mixed, mesic (55% slope) is 
described as follows: 

AU 0·11 cm, pale brown (10YR 6/3) very cobbly sandy loam, very dark grayish brown (lOYR 3/2) moist; moderate very 
fine and fine granular structure: nonsticky and friable moist; nonsticky and non plastic wet; 25% gravel. 25% cob­
ble, 5% stone: plentiful medium roots, abundant very fine and fine roots; plentiful very fine and fine interstitial 
pores; moderately alkaline; clear smooth boundary. 

A12 11·33 cm. light brownish gray (lOYR 6/2) gravelly sandy loam, dark brown (lOYR 3/3) moist; moderate fine and 
medium subangular blocky structure; nonsticky and friable moist. nonsticky and nonplastic wet; 30% gravel. 25% 
cobble. 5% stone; abundant very fine and fine interstitial pores; moderately alkaline; clear wavy boundary. 

821 33·64 cm. pale brown (lOYR 6/3) gravelly sandy loam. dark brown (lOYR 3/3) moist: plentiful fine and medium 
subangular blocky structure; nonsticky and friable moist, nonsticky and nonplastic wet: 35% gravel, 20% cobble. 
5 % stone; few medium and coarse roots, plentiful very fine and fine roots: abundant very fine and fine interstitial 
pores: moderately alkaline; clear wavy boundary. 

822 64-90 cm, very pale brown (IOYR 7/4) gravelly loamy sand, dark yellowish brown (lOYR 4/4) moist; weak fine and 
medium subangular blocky structure; nonsticky and friable moist, nonsticky and non plastic wet; 25% gravel, 20% 
cobble: plentiful coarse roots. few very fine. fine. and medium roots: abundant very fine and fine interstitial pores; 
moderately alkaline; gradual wavy boundary. 

CI 90·145 ern, very pale brown flOYR i/3) very gravelly loamy sand. dark yellowish brown (lOYR 4/4) moist; massive 
structure: nonsticky and friable moist. nonsticky and nonplastic wet: 60% gravel. 20% cobble, 5% stone: few fine 
and medium roots: plentiful \'ery fine and fine interstitial pores: moderately alkaline: gradual wavy boundary. 

C2 1-15·152+ cm. light gray (lOYR 7/21 very gravelly sand, brown (lOYR 4/3) moist; massive structure: nonsticky and 
friable moi~t, non"ticky aod nooplastic WIH: 65% grav"l, 20% cobble, 5% stoo,,: few fine roots: plentiful very fine and 
fine interstitial pores: strongly alkaline. 
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Relationship of slope, vegetation, and parent material to Boletas, Sanjue, Jemell, and 
Barrancas soils. 
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VII. USE AND MANAGEMENT OF THE SOILS 

The nature and distribution patterns of soils are important in determining their usefulness. 
This is becoming increasingly evident in Los Alamos County as the population expands and re­
quires greater amounts of land for a wider variety of uses. Investments per unit area of land are 
high and increasing under such use, and mistakes are costly. These mistakes can often be 
avoided, and more intelligent decisions on the use of land can be made from land use interpreta­
tions of soil surveys. 

This chapter provides information of special interest to planners, engineers, contractors, and 
others who use soil as a structural material or as a foundation for structures. This soil survey data 
base is also used to provide information in planning recreational areas used for camping, picnick­
ing, playgrounds, and hiking. This information is only provided for the soils in the LASL-Soil 
Conservation Service portion of the survey (Fig. 1), because this area receives a higher intensity 
of land use than any other portion of Los Alamos County. 

A. Engineering Uses of the Soils 

The properties of a soil, in various degrees and combinations, affect construction and main­
tenance of roads, airports, pipelines, buried electrical cables, foundations for small buildings, 
irrigation systems, ponds and small dams, and systems for the disposal of sewage and refuse . 
Specifically, the properties of soils highly important in engineering-related projects are per­
meability, strength, compaction characteristics, drainage conditIOn, shrink-swell potential. 
grain size, plasticity, reaction, depth to the water table, depth to bedrock. and slope . 

Information concerning these and related soils properties is given in Tables VIII and IX at the 
end of this section . The estimates and interpretations in these tables can be used to select areas 
for potential residential, recreational, and military uses; evaluate alternate routes for roads. 
highways, pipelines, and underground cables; locate probable sources of gravel. sand. or clay: 
plan drainage systems, irrigation systems, ponds, terraces, and other structures for controlling 
water and conserving soil; correlate performance of structures already built with properties of the 
kind of soil on which they are built. for the purpose of predicting performance of structures on the 
same or similar kinds of soil in other locations; predict the trafficability of soils for cross-country 
movement of vehicles and construction equipment; and develop preliminary estimates pertinent 
to construction in a particular area. 

Tables VIII and IX show, respectively, estimates of soil properties significant in engineering 
and interpretations for various engineering uses. The information in these tables does not 
eliminate the need for sampling and testing at the site of specific engineering works. especially 
those that involve heavy loads or that require excavations to depths greater than those shown in 
the t ables. Also. a site t hat is designated as a given mapping unit can contain· small areas of other 
kinds of soil that have strongly contrasting properties and different suitabilities or limitations for 
engineering uses . 

1. Engineer ing Classification System. The two systems most commonly used in classifying 
soils for engineering are the Unified system16 used by engineers of the Soil Conservation Service. 
the Department of Defense. and others. and the system adopted by the American Association of 
State Highway Officials (AASHO),16 

In the Unified system, soils are classified according to particle-size distribution . liquid limit 
(lowest moisture content at which the fines in the soil mass behave as a liquid) . plasticity index 
(range in moisture content in which the fines in the soil mass behave as a plastic mass) and 
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organic matter content. 15 The soils are grouped in 15 classes, with 8 classes of coarse-grained soils 
and 6 classes of fine-grained soils (Table VIII). The gravels (G) and sands (S) are each divided 
into 4 groups: well-graded, fairly clean material (GW, SW), poorly-graded, fairly clean material 
(GP, SP), coarse materials with clay fines (GC, SC), and coarse materials with silt fines (GM, 
SM). The fme-grained soils with low (L) and high (H) liquid limits are each divided into three 
groups: inorganic silty and very fine sandy soils (ML, MH), inorganic clays (CL, CH), and 
organic silts and clays (OL, OH). Highly organic soils, such as peat and swamp soils, are placed 
in one group (PT). Soils on the borderline between two classes are designated by symbols for 
both classes: for example, CL-ML for the Carjo series (Table VIII). 

The AASHO system is used to classify soils according to those properties that affect use in 
highway construction and maintenance (Table YIn). In this system a soil is classified in one of 
seven basic groups on the basis of grain-size distribution, liquid limit, and plasticity index. Ie 

These groups range from A-1, which consists of soils that have the highest bearing strength and 
are the best soils for subgrade, to A-7, which consists of soils that have low strength when wet 
and are the poorest soils for subgrade. A typical group A-1 material is a well-graded mixture of 
stone fragments or gravel, coarse sand, volcanic cinders, fine sand, and a non plastic or feebly 
plastic soil binder. Group A-3 typically contains a fine beach sand or fine desert blow sand 
without silty or clay fines or with a small amount of silt. Group A-2 contains a wide variety of 
granular materials, which are borderline between Group A-I and A-3 materials. The typical 
material of Group A-4 is a nonplastic, or moderately plastic, silty soil, whereas Group A-6 con­
tains plastic clay soils. The Group A-7 materials are typically similar to those in Group A-6, ex­
cept that they have a high liquid limit and may be elastic as well as subject to a high volume 
change. The USDA textural classification system is used to express the relative proportions of 
sand, silt and clay in soil materials less than 2.0 mm in diameter (Fig. 8). 

2. Engineering Properties. Table VIII also shows other estimates of soil properties that are 
significant in engineering. These estimates were determined for selected soils based on layers of 
the profile that have significantly different properties. The estimates are based on field observa­
tions, test data for these and similar soils, and experience with the same kinds of soil in other 
areas. Some of the terms for which data are shown are explained in the following paragraphs and 
in the glossary. 

The coarse fraction >7.6 em was estimated, in per cent, by weight of the soil mass. In field 
sampling, this part of the soil was discarded and only the size fractions <7.6 em were estimated 
for the number 4, 10, 40, and 200 sieve sizes (Table VIII). This 7.6 cm size limit coincides with 
that used in both the AASHO and the Unified classification systems. 

Soil plasticity is another property significant in engineering. It is a characteristic of a soil to 
take up water to form a mass that can be deformed into any desirable shape after the force ap­
plied exceeds a certain value, and to maintain this shape after the deformation pressure is 
removed. Plasticity is described from the point of view of the moisture range over which soil 
plasticity is manifested, from the liquid limit (the moisture content at which the soil will bar,ely 
flow under an applied force) to the plastic limit (the moisture content at which the soil can 
barely be rolled out into a wire).ls The plasticity index presented in Table VIII is calculated as 
the difference between the liquid and plastic limits. Large values for the liquid limit and the 
plasticity index given in Table VIII reflect large amounts of finer soil fractions such as clay and of 
exchangeable sodium in the specific soil series. 

Shrink-swell potential is the relative change in volume to be expected of soil material with 
changes in moisture content, or the extent to which the soil shrinks as it dries out and swells 
when it gets wet. The extent of changes is influenced by the amount and kind of clay in the soil. 
Shrinking and swelling of soils cause much damage to building foundations, roads, and other 
structures. A high shrink-swell potential (Table VIII) indicates a hazard to maintenance of 
structures built in, on, or with material having this rating, 
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Corrosion, as used in Table VITI, pertains to potential soil-induced chemical action that dis­
solves or weakens uncoated steel or concrete. The rate of corrosion on uncoated steel is related to 
such soil properties as drainage, texture, total acidity, and electrical conductivity of the soil 
material. Corrosivity in concrete is influenced mainly by the content of sodium or magnesium 
sulfate, and also by soil texture and acidity. Installations of uncoated steel that intersect soil 
boundaries or soil horizons are more susceptible to corrosion than installations entirely in one 
kind of soil or in one soil horizon. The risk of corrosion is low if there is a low probability of soil· 
induced corrosion damage. A high rating indicates a high probability of damage and indicates 
that protective measures for steel and more resistant concrete should be used to avoid or 
minimize damage. 

The erosion factors K and T are given for each soil series in Table VIII. The soil-erodibility fac­
tor K is a unitless constant used in the universal soil loss equation and is a function of the tex­
ture, structure, permeability, and organic matter content of a soil series. For example, increased 
amounts of silt and very fine sand cause many soils to be more erodible. The K values for soils 
range from 0.02 to 0.69 with larger K values reflecting more erosive soils. The soil loss tolerance 
value, T, is strictly a function of soil depth and is expressed in units of tons of allowable soil 
loss/acre/year. The values ofT range from 1 to 5, with larger T values generally being assigned to 
deeper soils. 

A measure of the potential rate of soil loss by wind erosion is given in Table VITI in the form of 
wind erodibility group ratings. These ratings can be roughly estimated by the texture of the sur­
face 2.5 cm of soil. Wind erodibility groups 3, 5, 6, and 8 correspond to 67 -113,33-79, 29-63, and 0 
tons of soil potentially eroded by wind erosion/acre/year, respectively. Once the wind erodibility 
group has been estimated, site-specific information on the other factors of the wind erosion equa­
tion can be collected to estimate the potential amount of wind erosion for a given field under 
local climatic conditions. 

Hydrologic soil groups (Table VITI) are used in watershed planning to estimate runoff from 
rainfall . Soil properties are considered that influence the minimum rate of infiltration obtained 
for a bare soil after prolonged wetting. Depth to the seasonal high water table, intake rate, per­
meability after prolonged wetting, and depth to very slowly permeable layers are considered in 
hydrologic soil groupings, but the influence of ground cover is treated independently. The four 
hydrologic groups considered by the Soil Conservation Service are A (low runoff potentia)), B 
(moderately low runoff potential), C (moderately high runoff potentia)), and D (high runoff 
potential). Soils belonging to Group A have rapid water infiltration and transmission rates; 
Group D soils generally have slow infiltration rates, high shrink-swell potentials, and very slow 
water transmission rates. 

3. Engineering Interpretations. The interpretations in Table IX are based Dn the engineer­
ing properties of soils shown in Table VITI, on test data for soils in this survey area and others 
nearby or adjoining, and on the experience of engineers and soil scientists with the soils of Los 
Alamos. The ratings summarize the limitation or suitability of the soils for all listed purposes. 

Soil limitations are given ratings of slight, moderate, or severe. Slight means that soil proper­
ties generally are favorable for t he rated use ; in other words, that limitations are minor and 
easily overcome. Moderate means that some soil properties are unfavorable, but can be overcome 
or modified by special planning and design. Severe indicates soil properties so unfavorable and 
so difficult to correct or overcome that major soil reclamation, special design, or intensive main· 
tenance is required . Soil suitability is rated as good, fair, or poor. 

Septic tank absorption fields (Table IX) are subsurface systems of tile or perforated pipe that 
distribute effluent from a septic tank into natural soil. For this appliclltion, the soil material 
from a depth of 46 to 152 cm must be evaluated. The soil properties considered are those that af­
fect both absorption.of effluent and construction and operation of the system. Properties that af· 
fect absorption are permeability, depth to water table or rock. and susceptibility to flooding. 
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Slope affects difficulty of layout and construction and also the risks of soil erosion, lateral 
seepage, and downslope flow of effluent. Large rocks or boulders increase construction costs. 

Sewage lagoons (Table IX) are shallow ponds constructed to hold sewage, within a depth of 60 
to 150 cm, long enough for bacteria to decompose the solids. A lagoon has a nearly level floor, and 
sides, or embankments, of compacted soil material. The interpretations given in Table IX 
assume lagoons in which the embankment is compacted to medium density and the pond is 
protected from flooding. Properties that affect the pond floor are permeability, organic-matter 
content, and slope. If the floor needs leveling, depth to bedrock is important. Properties that af­
fect the embankment are the engineering properties of the embankment material as interpreted 
from the Unified soil classification and the number of stones, if any, that influence the ease of ex­
cavation and compaction of the embankment material. 

Sanitary landfill (Table IX) is a method of disposing of refuse in dug trenches. The waste is 
spread in thin layers, compacted, and covered with soil throughout the disposal period. Landfill 
areas are subject to heavy vehicular traffic. Soil properties that affect suitability for landfill are 
ease of excavation, hazard of polluting ground water, and trafficability. The best soils for 
sanitary landfill have moderately slow permeability, withstand heavy traffic, and are friable and 
easy to excavate. 

Shallow excavations require digging or trenching to a depth of less than 150 cm and are used 
for pipelines, sewer lines, telephone and power transmission lines, basements, open ditches, and 
cemeteries .. Desirable soil properties are good workability, moderate resistance to sloughing, a 
gentle slope, absence of rock outcrops or big stones, and freedom from flooding or a high water 
table. 

Foundations for low buildings without basements, as rated in Table IX, are for buildings no 
more t'han three stories high that are supported by foundation footings placed in undisturbed 
soil. The rating is based on the capacity of the soil to support load and resist settlement under 
load and on the ease of excavation. Soil properties that affect the capacity to support a load are 
wetness, susceptibility to flooding, density, plasticity, texture, and shrink-swell potential. Those 
that affect excavation are wetness, slope, depth to bedrock, and content of stones and rocks. 

Local roads and streets, as rated in Table IX, have an all-weather surface expected to carry 
traffic all year. They have a subgrade of soil material; a base of gravel, crushed rock, or soil 
material stabilized with lime or cement; and a flexible or rigid surface, commonly asphalt or con­
crete. These roads are graded to shed water and have ordinary provisions for drainage . 

. Soil properties that most affect design and construction of roads and streets are load­
supporting capacity, stability of the material, and workability and quantity of cut and fill 
material available. The AASHO and Unified classifications of the soil material, and also the 
shrink-swell potential , indicate traffic-supporting capacity. Wetness and flooding affect stability 
of the material. Slope, depth to hard rock, content of stones and rocks. and wetness affect the 
ease of excavation and the amount of cut and fill needed to reach an even grade. 

Road fill is soil material used in constructing sub grade for roads. The suitability ratings reflect 
the predicted performance of soil after it has been replaced in a subgrade that has been properly 
compacted and provided with adequate drainage. The ease of excavating the material at borrow 
areas is also considered. 

Sand and gravel are used in great quantities in many kinds of construction. T he ratings in 
Table IX provide guidance on where to look for probable sources . A soil rated as a good or fair 
source of sand or gravel generally has a layer at least 90 cm thick. the top of which is within 180 
cm of the surface. The ratings do not take into account factors that affect mining of the 
materials. Also, they do not indicate the quality of t he deposit. 

Topsoil is used for topdress ing an area where vegetation is to be established and maintained . 
Suitability is affected mainly by ease of wOiking and spreading the soil material, as in preparing 
a seedbed: natural fertility of the material. or the response of plants if fertilizer is applied: and 
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the absence of substances toxic to plants. Texture of the soil material and the content or"stone 
fragments are characteristics that affect suitability. Also considered in the ratings is damage 
that results at the area from which topsoil is taken. 

Pond reservoir areas hold water in a pit or behind embankments. Soils suitable for pond reser­
voir areas have low seepage, which is related to their permeability and the depth to fractured or 
permeable bedrock or other permeable material. 

Embankments, dikes, and levees require soil material that resists seepage and piping and has 
favorable stability, shrink-swell potential, shear strength, and compactibility. Stones or organic 
material , for example, are unfavorable factors . 

Drainage is affected by such soil properties as permeability, texture. and structure; depth to 
claypan, rock, or other layers that influence rate of water movement: depth to the water table ; 
slope; stability in ditchbanks; susceptibility to stream overflO\,,·; salinity or alkalinity; and 
availability of outlets for drainage. 

Irrigation of soil is affected by such features as slope; susceptibility to stream overflow, water 
erosion. or soil blowing; soil texture; content of stones; accumulations of salts and alkali; depth 
of root zone; rate of water intake at the surface: permeability of soil layers below the surface layer 
and in fragipans or other layers that restrict movement of water; amount of water held available 
to plants ; and need for drainage, or the depth to the water table or bedrock. 

B. Recreational Uses of the Soils 

The demand for outdoor recreation is growing rapidly in the Los Alamos area and more and 
more local land is being used more intensively by the public for recreation. Knowledge of the 
soils of an area - a farm , ran~h. community, watershed. or county - provide fundamental infor­
mation needed in recreation planning. 

The same soil properties that affect engineering and agricultural uses of soil are the ones that 
affect their use for recreation (Table X). The interpretations are different but they go back to the 
same basic principles of water movement, shrink-swell potential, fertilizer use efficiency, suscep­
tibility to erosion, and others. Just as with the engineering interpretations data presented in 
Table IX, the soil limitations for recreational uses of areas are indicated by the ratings slight, 
moderate, and severe . The ratings in Table X have the same meanings as those in Table IX. 

Soils subject to flooding have severe limitations for use as sites for camps and recreation 
buildings. If soils subject to flooding are not protected by dikes, levees, or other flood prevention 
structures, they should not be developed for campsites or vacation cottages. These soils are bet ~ 

ter suited for hiking or nature study areas, or for greenbelt open space, if the flooding is not too 
frequent. 

Soils that are wet all year, even if not flooded , have severe soil limitations for campsites. 
recreational roads and trails, playgrounds, and picnic areas. Soils that are wet only part of the 
year or those that have a water table t hat moves up and down without reaching the surface are 
not easily detected by most people . These soils have severe limitations for most recreational uses. 
Soils that dry out slowly after rains present problems where intensive use is contemplated. 

Droughty soils also have limitations for many recreational uses. On such sites. grass cover 
needed for playing fields is difficult to establish and maintain. Access roads may be excessively 
dusty. Vehicles are easily mired down in sandy soils and soil blowing is common. Knowledge of 
these soil problems enables planners to use corrective conservation practices. such as irrigation. 
or to choose alternative locations . 

The ability of a soil to support a load is important in many kinds of recreational activities. 
Some soils when wet fail to support structures such as access roads. trails. and buildings. 

Slope affects the use of soils for recreat ion . ~early level. well drained. permeable. stone-free 
soils have few or no limitations for use as playgrounds. campsites. sites for recreational buildings. 

.. 
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tll"l>4' 1" .. 
1(1",·"'t wtrrl:'n 
>7-", 

Senile,.,. 
r..ndfill 

~~ 

Slir:hu 

~I!!! 

~~ 

~ 

~".t.r 
movHthrml,h 
loOiltouquid:ly 

M2'!!.!!!:soil 
tt"mpu,.rily 
n, .. ,dt'dhy 
"t' ... lIIm oV<er(1uw 
I.rrun"fr 

~l'"'I'.,r!:. bc~dl\)dl 

tfll.>Af'ar'llrfn('f' 

Sh.n_ 
E.ca •• lion 

Mod.,ate. h~fll"1l('k 
~~Irflln' 

~~ 

Modtlr.te: hl'druck 
~'foc.: 
.... iI.lipP"ryand 
Iticky when w~ 
Ind slllw h' dry 

Mnder.t.: b ... lrodl 
~Ufr"c:e 

~ 

~bfll"~k 
tnoneluoutfl('lf; 
lltope too t",l'lt whfl' 

>." 

M.o..!!.u.~!;:lIOjl 
tf"nlpurarily 
n"od~dby 
"trr"n •• w""fl"w 
orrun"fI" 

St!nf.i ht.-drndt 
tllnn~"f"tl1rlll"~ 

• ·ound.Uon. lor 
Lo .... Bulldln •• 
Withou .... umen •• 

M"d",.,~: ~d",dl 
~7urrn('.: 
Ilflilrlvnnd'tlln 
"'t'ttlllit Ilnd ~h,jnb 
t.ndll"\'int; 
.1"1M'lno ltfl'llt 
wb~n •• fI~. 

~ 

Modernle! btodrock 
~.r;urf.('e 
... it uVllnd, on 
• ... uinl_nd 
.hrink!'! on dryinr; 
.ltl~~ "I'll Vt'at 
wh~n >4% 

Moonete' ~roclt 
~.,{.CtI; 
fNliinpandtlOft 
wf'ttinRlInd 
Ib,jnb lin dryinl; 
.IOpet4>(~I'l'et 

_hen >4% 

Mo<krllle:1Oi1 
IUpl!lnd.;';, 
wlfllh,ltund 
.. hrlnb nn dryi"l: 
.lopt"h)()Jr •• t 
wtwon>"" 

Mudt!,.te:ht:droclt 
~rf.~: 
IltllJt't~II,)II:~.t 

wht'n4·8% 
St"1It'r":,,Topl'tuO) 
,,,'at ""htn >8% 

Sc-vlffe:tIOil 
t;-;;;-por .. ,ily Ooodlld 
h}' IItrum overflllw 
nr runt"r 

ScoVC~; bedrock 
I.;)pC'-;rllurt.('e; 
e.ll .... " .. llCrefit 
wmu:..ri% 

1~.IRlI)8d. 

.n4Slfffta 

Modt-rate: b~md .. 
t,wlnl'lIrllurret'l'; 
\luil e_pand" fin 
wC'ttin«and 
,hrinb (In dryUl,; 
l"wIIUelll,htu 
lOUPllIl rtll1adll 

~1~~Id~':~' 

~m;.lnw.trenllh 
l(\ 'upp"'rt )uada 

Modt,.t,· b.droc::lt 
too ".ar aurface. 
IIOilelpllrtdlon 
wettin •• nd 
.. hri.n'" f'" dryin,: 
1n ... trenKthlo 
a"flpt)rt I'lfid. 

Mod.,ate: ami 
f'Jp.n~ 
• .-Ui",and 
.brillks on dryiu,; 
l.,w.ttll"lthto 
III1Pflurtkt.d. 

Seve,.:kdrock 
~f.urf.rt' 

Modl!fattl! lOiI 
~po,a'ily nlll".d~ 
by Aheam OYI',no. 
Ot'runulT; 
low Iltrenlth to 
aUpplrt In.& 

s.v.tf': bednd 
too nl'ar111rface; 
luwIIre"lthto 
IUlI',M"lllllut. 

Haad 
R •• dnU a"tlGn".' 

Pnll''',,"il t'!!!!!il!.d 
nllt Ihil-" l'nouJh: 
b<lffi'Wftn'"'' 
dirticultlll 
red .. nl .. nd f'f'n.eto'e 

~ UflIIuitt'dfur.l!lnd: 
KCM>dfOlf,f/l;\'f"1 

Poor:luil tln!lui!cl. 
MObic::k IfnflUJh; 
hurro.a",I" 
dimc::ulltn 
",cl.im alld rt!'V"Ketat~: 
'ow .tnnll-h 10 
IUpplrt ~dl 

Poor:aoil ~ 
;t;;iThkk rnouKh; 
borrtlw",~e. 
diffic::uhhl 
~daim lind ~V.'t't.tf' 

r.i1':"'1 UQditM: tnomuch 

"Jlftnd"OJ'I ,ilt.ndday 
..... ltinlJ·nd 
.hrin! •• nn dry in.; 
Inw 'I"'nath 10 
.upportlo.d. 

Pnnr:lOiI ,In,uiled;l1IIiI 
~ickenotl,h; nm lhit'lt l'nough 
burntW a ....... difficult 
tl)nK'l.imand 
ff:Y~ICCI.t. 

rair; III" lln.uitfll 
Mm.Kfhtn --
.ul)pn1I011d. 

Poor:fIOil t'nflUltfld 
;;:;tthic::k enntlch! .--
Inw fllr~nKth to 
.upportlmlll». 
tH.rnlw.,,,"!! 
dlffiruhto 
r~dnim and re ... e~t.t" 

To~oll 

fu!~ lll1il nul 
thi('k~Ot'ulth 

~1"(Jm.ny 
IIm/lU.lun", 

PI .. ": oormw a,. •• 
diffi;uhtll 
r~daim and 
,.vt'lu't.h~ 

r.ir:lIIlilnnt 
ih~~nnu.h 

."ai1':."n 
IItippe-ry and Itid~y 
whenwC'l.nd 
.tow,ndry 

""'1Jf:III,,1 
jUdii,irk eunlll,h; 
borrow "rt'a .. di.fficult 
(nr",d.imand 
Jt'vt'gt!tl'lilf 

~~ 
-e!!!ili!!O!~ 
fme~'h' 
~'11!.1!]1 
!2'!.!!!K!:-.!!.!!l 
lI"nltvlnnm); 
tl~I;n;-lJny;mIlIl.lnll9 

~'r...:.tfloll","Y 
htrltt! "nd IImall.tones; 
1. IIrtU"'"llre.".tirfil'ultIn 
",I'i .. illl And rt'vt'll'IAII'! 

80U F •• tuna "ffl't .... Water Mana,tlmea' 
~--.~,,----------. 
HC'lM!9'vol, 
Are. 

Ilt"'lhl,, 
'tl'dwl'''; 
1I1"1lit' 

\\'at .. 'm" .... 1'1 

thl'ltuf(hllnil 
h"'flt1l1'kly; 
,I.",. 

Ikrlhtll 
bl'tlrudr.; 
1<1"11t" 

Ik'plhtll 
bt'dfUt'. 

\\'a'rlm'I\'~" 
thfOlIlChlO4ll1 
t"lltltllt'kly; 
.. 1.,,1t" 

llt"plhh,1 
bto.tl'llc .. lt; 
WIII~'nlll\'h 

thrtltltch ... il 
1t ... ll11kkly 

Wat.rmllvn 
tI.I't,u.:h ~uil 
" .. lquU'kl ... : 
.. 1"10t" 

'k'I'th,u 
1 .... 110"·". 
.. 1,,1'.' 

1)1\"."d 
l.evt't"it 

nt'llthln 
1~4rnd( 

W.lermuyll''II 
thrullr;h lI!til 

tl'" tlukkly 

Ilc>pthtu 
b~drn("k! 

"".tlt-fro"Vt"1I 
l"mlllChl".iI 
hw'qu)t'kly; 
InWfllrt'lIte'" 
t"lIu"I"lrtllllld. 

tHollthtl. 
.,..,lr1O.·k 

&lUi. 
,ul«'epHI,lllfll 
fllrmalion u( 

hIlUIl'I.nr 
pil!elilc.eca"itie~ 
by OIlivilltc w"ll'"r~ 
luw .. trl'nl!Ih 
""IUI'p"rt I1l1lld~ 

l'k-pttlhl 
btodro,,'k: 
wal.'rmIlV" 
Ih'''IIKhltllil 
t'''lflmdtly 

!,r~I~!'! _ 

hl'IIthlll 
bl'dnl(k: 
""8tll'rml'\"It1t 
tI,wII)(hltuil 
tlll,ltl"lI.l:v 

.'.IV",nhl" 

Nutn ..... k-d 

h."lht.1 

ht',tnll.'k 

Sh"".",d 
ir"'lCulllr.IIIIlt'1' 
makll' ""nll'r'l"tmtrul 
,n.a.1Iftlfl d,nicult; 
.!lil e.~il:v mov~ 
.11.ltI .. I ..... 'II .. 1 

.." .... ind 

Nnlnrt'd ... 1 

SI.ili. ..·.vur~"'" 
IUIL('eptiblf'tll 
rlltlllflllllflffl 
Imml'1It()f 
PII ... ·Ii\t'u"",tit'H 
byll1' .... int::wlttcT: 
l"wII,,,,n.:thln 
~ul'IIIlnlmIlIH 

Thin ,"liltaYlfr: h.,'lllh t .. 
I",,: .... tu,, .... ; l>t'ttrft.k 
IOIlIli .. 
1Ot'''''''II!;hl,''n 
Iltnl1"tt"n .. r 
11111111'1 .. ", 

l'i,wlibt'IW'hf'H 
bytn,,,,itlICW,Ilc'l 

I!!l!~!~~!, _ 

:-tnil huldlo hili) 
liltlc ..... ' .. rftlf 
pillhlltdurillK 
d'YIH>fi, .. IIt: 
f"'~l:'lIt'llII,ny; 
iu"d~qtUI't' 
,,"otitlICCI¥'Ptlt 

Suilh"hllltflO 
linlt:!watnr,,, 
plllllhldt1tiuJ{ 
drYIK'Uu.I .. ; 
wlItt'rm"v". 
1111""'1:"","1 
h"'qlJirkly 
j'''IIIt'lllIllle 
1''''''illJ:lleplh 

S!.i1hll!cl.tuu 
liul~wilt~rf"r 
"lnllhldtJrilllC 
dry Vt'ri"dlt; 
vmlll.'rm'wl'll 
thruulI:h .nil 
If)ul.4l1lt·kly; 
im"ll·tllllllt: 
r .. utb'I!I"'I·Ih 

l"-lllhln 
h.·.',nd, 

.. :r .... I:'" ... ~iI'V: 

.hmta",1 
i'I'I:'J:III., .. II'IK'1l 
mnltt'wll"'I'ttllt,ul 
II1CU!lLU"dTllln,1t 

~ .. ilh"ld",,", 
liltll!wuh"rllf 
IIIRnl .. dllrtlllC 
Ih;rrpf·rilltl!l. 
mlllll· ... ttoUtl 
t'H.litll(dcl'liI; 
.... lIt"f"'.IV!'. 
Illfltu.:hlotlil 
'· .. ··I""kl~ 

1-',1\I00r"lIl" 

I It'I"h, .. 
lot·,Ir ... ·k 
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£NGlNEERlNO INTERPRETAnONS OF BorL SURVEY AIlEA 
Oettree udl Kina ... Umlt.t'n for 

8flnfllllJir:, F.cllltillfl CommuniI)' D ..... pm.nt 8wtaWllt, ••• BOW'ft of 
8oll"~.lu .... Arroetln, W"ttlr M.nftl~mt!nt 

fJcWlth:'flllnll: f'oan'.Uon.IOI' Pond Enlbftllkment. 
,~,bllcrptlom l!Ie·it~I.' SanUull'J Shall..,., t.a .. Dulldln,. LoealJt. ••• 8 ... R .... no .... Di.e ..... 

hI1S~,'" !rletdl u..'UtMtnll Landnn £aelil.".Uon Without Oa.emen18 .n'Stnett JIoooUlli ."Gn,,01 ~ Area IAvl!eo Draln.,11 ~ 
111'1.1)'(> Moo",t,,: wii S!v¢rtI:aoil ~',at.r I!I2!lmI<i ";1 !!!!m;IOII Modo"IO,IOII E!lli low ~ 2!Mi. W'''rmovtlS W.I.rmOVft .'n"lIr.bI. "·I1"I.,.hlr-

~l' t;;;;;;arily move. t~,roullh temporarily temportlril,.nooct.d t.mporarily flooded Iltrt:ntthto thrnuKhlMli1 throuII:h..m1 
ntJUd~dby Rtodedby aoiltoo nood~dby by a.".m owrllow by .mam ovorflo. tNpportlot.do. 'uuquiddy I".,quickly, 
IJtro:ailf1O"urflO'lt' UII'eIlMOVlrf1"" quickly IItreamoverOow orruntJlf ornmoft; frwli ... Ind thawin, -oilia 
or runoff ornJnoff or runoff low et,.nllh to m.,. dQm .... trueturea .uac:eptiblclo 

oupport '"tID; fermaliMlnf 
frtetln,.nd thawirc tunnel. Of 

may dluo." .trudu .... pi,WUbc:.",ltie. 
by mllvin. ".I~'~ 
luw.tflfnJlhtu 
.l1ppnrllllafia 

Su:bjf ~b<mroc~ ~"'"He: bC'drodl ~ ModM.'a: bedruc:k ~btdrotk MmkuII: bod_ E!!:ttiooil l1!!JJIi!d;ooil Euor;too r>t!p,hto [)eplhtu Nut lIf'f'drd S,.,lhuhl"hMI 
~no "iliai' llIur!Ta('(! i;;:;;;;;rourfae .. ; (3·8% llopt) ~rfac.~ too n .. "urf.ca: too n •• "urfaee; not thid. .noulh: not thkk enoulh man,. tmalltlonel btdr.d.; bedruc"; littl •• aler 

'OIr«u-r mtweo throuah liopt too ""at loo meRrlm.n oloMl; .1. too ,,..t fftedncand thawl", ~a .... adimt:ultlo wa'nmll"" wa\trmovt'tl h",.lmu"durillll: 
luil too quickly; when >8% .Iope too pat when >4% ... .,. d.m .... truc:tuttil; "claim Dnd rl~lctat. thruulCh,...il thhlul[haoil ,hvlM'n .. d,,; 
tlnpol too lP"tB~ WM">8% .lopo too .,.a~ tt",qul{kly tooquicltly inllllt'1llll1lt" 
"hl!n >7% whan >8% r" .. tihlCcI""llb 

Aer\'mt'~m ~!!.=bodrodt S1"Y~",: bedrock ~ 5I.urLi,bedrock Sw.r.t.;.1011 ~toil ~_I Uneultad &.<:ooil Ik"lhlu SlJjlil neplhlll \\"at~'lIIlih'"h'lI 
ftI)(I11~.v.urfa('<t: ;;~r.urITmcQ) too 1'III'"r IUrfl« upandlon •• pandeon •• pandlon ,lirpery and ,Ucky t~dfUCk aUKf'ptibllfto bedhJl;k: I'<ltlwlyiutn" .. il: 
'lI'otormo"nthrous:h .elth .. and .hrlnb •• ltinl.nd tNino • .,uln •• net thrin'" whtn.et and 'ofmatjlmllr w,,"terlnU\'t'1I imlltfilllltlt' 
,aujlloodOOll'ly ondryinc ondryint: ondryin,: al0.tndry "mulfl"", thrUlJ"h..,.~1 "."iJt.:d~,tllh 

low ,'"nrth to lowot ... ni\hto pipe.llite cnh~. ., .... In.,.Iy 
QUpport )oada QUPPUrt loed.; by ml1vinJwI'er: 

toil not thick 8ntlUlh lu .. alftu .. ht,. 
1HJ11J)(If1ICl~'ta 

l'~tClI-f ti!:~!!!.i.lx:drod. a.l:!!!!:.bedrod. l!!!Jh! ~lMdroc:k ~bod""k ~bod""k Ponr:1011 Y!!!!!!!!!! Poor:bomtw [lrplhto \\'ltHmm'" Nutllt'wtll'd S"ilh"ld"hl" 
too nlfafflUrfOCI 100 n .. e, turr.c,.; too ne., ,udlce; too n •• r audatt; toontarnrfa«; nc;rrtMcla tnoulh. ;;;;; dimc:uh to hedrudt; tithouIII:hllllil hul\,wl'l1t-,!nr 

IIlvpl!!louIII:'el'lt anil ellppuy and toil •• pand, on lOiI .. pandaon bcmoo on •• diftlcult to reel.iIll and ,.v ... tat. alupa! t(.lquidtly; 1)llInl .. dtlriu" 
'N'htt1>7% stidy .men wet .... ttlnand.hrinlce W1IIttin.and nclttm find tova .. "." depth to d''''I ... ,i'lfl .. ; 

IInd.lowtodry ondl')'inl~ .hrin'" on dryi",; hedlfl(.; inmll'l'llIlll\' 
.lupI'toograat low at"nath to luw.'nonll:lhiU ,,",li1\Kd,'plh 
wh.n>4% .upport loads auppurt IOld" 

$ove,.: aoU B:!.!.!!:!:..an. S. .. ,.;eoIl ~.oU ll!I!!t r.lrfore.nd; b2ri. too .. nd, Watarmov .. Wlle'nltW" "'".If.ble Wn1t',illtiltrllh" .. 
'1I"tJ!vi Modttralf': roil H!!t!!! ,.,.,., n't lilth'intflllllil 

~riiynur,d'Cd 1n0V", throulClh muil t.mp:;arilr nooded of euta ar. not ."bl, i'NiiPOiari1y noodtd tampor.ril,. noodad unsuited for plv.1 tbl'tJu,hlOiI thruutt:h"uil 

and .oil .Iou", tui',. by Itnam O¥.rflow by .tr.am O'Y.rf1ow \llUqui~klr hlnquid,ly tlmtm",·t'll 
by "Irum o"",11ow IOD quickly by atr.'lm ov.rnm. thrltll!(h th" ""II 

orrunon; orNRoff Vl'runoff 
tfM'l.Iuil'kh· 

",at~rmovee 

Ihlmll'hooil 
tooquicltly 

!U\'IInmm'NI Milo, 

I!JwIII<II bIIG lOU ... any S",.II.ton ... ; Favurable N", 1I«1I"l Sud h"I,11I tuu 
~<JI'.ter ~tuoMany ~&!!!. Bl!nti. too many ~lOn ~eoil f.IIceoil 

.maUllnnll; .hlPt' lilllf'wlt't'rh", 
mOVr!I tbvouah lJOil fl.TlIIUGtunto: amafillon"; .. pandton llpa.nd.on .. panmon 

..... U ,tippery and ,llllllt:.dnrilllC 

tHOlOlowUy ,flOpcotOUIJNflt aoi'.lipP'HY and wettinaJl:ndahrlnlt. wetti"land .hrin'" .,ttlnc .ndahrin'" 
•• icltywhen'" dr~ .1t'rI.lfb 

when >7"- diclty when .el ondryina; ondryinl; ondryin" 
,nd.11l"<" to dry W"lt'(III"\''lO 

and.luwtodry alopt'too..,..t low ItftRJlh to Ir.'atnncthlo 'hu'\I.eh~"il 
wMn>4% aupport luadl .upponlooed. 'f",)lI .. wl~ 

~bcldrock -_. SHIM ~3-8'" .121!!1 _lOll Moderat!' badrnck ~low.t,.nlth ~ ~ fs!2!i101l o..pthtu Hulli. Dtplh to hfilnlCk: ""'t'rlnll'~ 

lnont"fl,"urf.u;~; too ntllltlurfecl; M!!dmlii .Iope .lIp~1')' and .Ucky too near .urf~; to eupport fOlds .lipJMIfY and lIticky hcd">cIt; .upceplih~ tn .'ntt'fm"\'f''' tb,lOlll/:hthrM,il 
rurm.ltnnlJl Unllu"hlht,,.,,,1 ' ...... 1 •• \\"1\·; 

"JlI~r movPffl thnx1lrh ill"p"lnoEffa~ t(Klunat ""hen wei and aoU upend. on wh.n Yt'ft and .I .. ". 
tUllnt:I.", tllfllll .... ly .. I",",: 

1III\IItvrllIl(\w!:r ..,hen >7% when >R% al",'" In dry WIUlltl·nd ala.,lad". 
pillf·1iit. uvitit'l' illlu"'<IIIIIIt' 

.hrinbondryiftl: 
bYPIllvinlCwlter; ' .. "till': (It'llIlI 

.Jop' too .,.at 
lowl'lrf'nlCthlo 

.Mn4·8% .ut1purlll1l1dll 
Sev .. e; alope too 
...... t .h.n >8% 

M~""n ~.oiJ Modarat.:1Oi1 f:!!!:.rn, Unauit.d 'al1',lOil not .·lIvllr"hl~ Silili, \\'utl',m,,\l'l' SI",w 
~!!WE'W'lef Slilht(1.~~ ~ I¥pantbon -- thick.Mu,h tI1%.I"I",1 tllI""tf11ibletil th,,,IIj(h .... n 
mnvt'flthro tJ1l'h Mw!ml<;. IIlippery.nd up.nd.on ,.plndaon 

Slilth.;"I",", h'flllKliutln' h"t~I" ..... h 
lU.1! \OHnl,,~,ly ,Io~tt)(lln'''l ahcky ..... hen wti w.Uin.an' .hrinlee wettina and .hrlnb .... tin. and .hrinlll 

I'MI.~III lunm,I .... , 
when >2~, Indslf1Wtodry ondtyil'lr; ondryi",; ondryi l1l: 

~hen >2~ pIpe liln,'\.vjlill'1l 
"I,,~too&r .... t lo",.trtflllhto low drlncth 10 
when >4" support load.; .upp>rtloatb "ym",'in!!wtl1 .. r; 

"uzinC .nd thawl", ftfl'zin. and I.hsiwin, t ....... ~"rnl/:th I" 

may dam ••• lltruc;tu,," may damaJletruduttl "1I11IM,nll"ul .. 
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roads, and trails. Soils with steep slopes often have severe limitations for most recreational uses. 
On the other hand, steeply sloping soils are essential for ski runs and are desirable for hiking 
areas, scenic values, and homesites "with a view." Of course, deep, gently sloping, and 
moderately sloping soils can be leveled for campsites, playgrounds, and building sites where the 
cost is justified. Where this is done it is especially urgent that effective soil conservation prac­
tices be applied and maintained based on the specific conditions. 

Soil depth affects many uses. Soils underlain by bedrock to shallow depths cannot be leveled 
for playgrounds and campsites except at high cost. Roads, trails, and basements are very dif­
ficult to construct on these soils. It is difficult to establish vegetation on soils shallow to imper­
Vious soil layers or rock thus making them poor locations for playing fields and other intensive 
use areas. 

Surface texture is an important soil property to consider. High sand or clay content in the sur­
face soils is undesirable for playgrounds, campsites, or other uses that involve heavy foot traffic 
by people or horses. Soils high in clay become sticky when wet and do not dry out quickly after 
rains. On the other hand, loose sandy soils are undesirable as they are unstable when dry. Sandy ' 
loam and loam surface soils that also have other favorable characteristics are the most desirable 
for recreational uses involving heavy use by people. 

The presence of stones, rocks, cobbles, or gravel limits the use of some soils for recreational 
uses. Very stony, stony, rocky, or gravelly soils have severe to moderate limitations for use as 
campsites and playgrounds. In some instances it is feasible to remove the stones, thus 
eliminating the hazard. Rounded gravels and stones present hazards on steeply sloping soils used 
for foot trails . 

Sanitary facilities are essential for most modem recreational areas and septic tanks are often 
the only means of waste disposal. Some soils absorb septic tank effluent rapidly and other soils 
absorb it very slowly. Soils that are slowly permeabile, poorly drained, shallow to rock, subject to 
flooding, or steeply sloping all have severe limitations for septic tank filter fields . In some cases 
where soils cannot handle the volume of waste involved, sewage lagoons can be used. These also 
are feasible only in soils that meet the special requirements for sewage lagoons. 

Productive capacity of soils for vegetation of different kinds is closely related to the feasibility 
of many recreation enterprises. The ability of soils to grow sods that can take concentrated 
human traffic has already been noted as a factor in such areas as playgrounds and campsites. 
The development of such vegetative conservation practices as shade tree plantings, living fences, 
plant screens, and barriers to trespass is guided by soil conditions. The capacity of an area to 
produce economically harvestable crops of game is dependent, in part, on the productive ability, 
of its soils. 

The suitability of the soil for impounding water reflects, in considerable measure, the kind of 
soil at the impoundment site as well as in the watershed above the impoundment. Fertile soils, or 
soil capable of effective use of artificial fertilizers , generally make fertile waters, and fertile 
waters produce good fish crops which, with good management, produce good fishing. On the 
other hand, extremely acid soils associated with a proposed water impoundment may be , a 
critical limitation to the development of good fishing. 
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GLOSSARY 

Available water capacity (available water holding capacity). The capacity of soils to hold 
water available for use by most plants. It is commonly defined as the difference between the 
amount of soil water at field capacity and the amount at the wilting point. It is estimated from 
the texture and depth of the solum and may be modified according to the effective rooting depth 
of the soil profile. It is commonly expressed as centimeter of water per centimeter of soil in the 
profile . Four terms used to describe available water capacity classes are: 

High .. .. .. . .. .. . .. . . .. ... . .. .. .. . ....... . ... ...... . . . ...... .. ..... .. ...... >19cm 
Moderate .... . . ... . .. .. .. . . . . .. .... . . . ..... .. ..... . ....... .. .... . . . .. .. 13-19 cm 
Low . . . .... .. . . . . . . ... .. . . . ..... .. ...... .. .. . . .... .. . ' .' . .. . . .... . . . . . . 9.5-13 cm 
Very Low .. . .. . . .... . ... . . . .. ................ . . . . . ........ . .. ...... .. .. 0-9.5 cm 

Caliche. A more or less cemented deposit of calcium carbonate found in many soils of warm 
temperature areas. The material may consist of soft, thin layers in the soil or of hard thick beds 
just beneath the solum, or it may be exposed at the surface by erosion. 

Clay. As a soil separate, the mineral particles less than 0.002 mm in diameter. As a soil textural 
class, soils material that is 40% or more clay, less than 45% sand and less than 40% silt. 

Clay films. A soil morphological characteristic described by recording the frequency of oc­
currence and thickness of films of clay in the soil mass. The frequency classes of clay films are 
based on the per cent of the ped faces or pores covered by films: 

Very few .. .. .... .... . . . . .. ... . . . .... .. . .. ... . ... ........ ... . .. . ...... ... . .. <5% 
Few .... . ....... .. . . . ... .. .. . . .. .. . .... . ...... ..... .. .... . ... ... . . . . .. . . .. 5-25% 
Common .. .... ... . . .. .. ... . .. .. . . . .. . .... ... . .. .. . . . . ... .. .. . .... . . . ... .. 25-50% 
Many . .. . . . ........ . . .. . . . ... ..... ..... . . . .. . ........... . .... .. ..... . .... 50-90% 
Continuous . . .. . . . . . .. . . .... . ... . .. . . . . .. .... .. .. ... . ...... .. .. . .. . .. . . • .. . >90% 

The thickness of clay films is described as: 

Thin . .... .. ......... . ... .. .. . .... Very fine sand grains are readily apparent in the clay 
film and/or sand gra·ins are only thinly coated and 
held together by weak bridges. 

Moderately thick .. ... .. .... .. . .. . . Very fine sand grains are enveloped by the clay film 
or their outlines are indistinct. 

Thick .... ... . . . ... . . .. . . . .. .. . . . Clay films and their broken edges are readily visible 
without magnification; where the colloid is in 
bridges, the bridges hold the soil mass firmly 
together. 

Cobble (Cobblestone). A rounded or partly rounded rock fragment, 7.6 to 25 cm in diameter. 

Consistence, soil. The feel of the soil and the ease with which a lump can be crushed by the 
fmgers. This soil property varies with the water content of the soil and is measured under moist 
and wet conditions. The terms used to describe moist soil consistence are: 
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Loose ............................... Noncoherent. 
Very Friable ......................... Crushes under gently pressure. 
Friable .............................. Crushes easily under gentle' to moderate pressure. 
Firm ............................... Similar to friable but noticeable resistance. 
Very Firm .................... : ...... Crushes only under strong pressure. 
Extremely rll'IIl ....................... Cannot be crushed between thumb and forefinger. 

Wet soil consistence is described as: 

Nonsticky. 
Slightly sticky ....................... After pressure, soil adheres to fingers but comes off 

cleanly. 
Sticky ............................... After pressure, soil adheres to fingers and tends to 

stretch somewhat before pulling apart. . 
Very sticky .......................... After pressure, soil adheres strongly to fingers and is 

markedly stretched when fingers separated. 

Slightly plastic. . . . . . . . . . . . . . . . . . . . .. Wire forms when soil is rolled, but soil mass is easily 
deformed. 

Plastic ............................. Same as slightly plastic, but moderate pressure reo 
quired to deform soil mass. 

Very plastic .......................... Same as slightly plastic but much pressure is reo 
quired to deform soil mass. 

Depth class, soil. Depth to bedrock is described in four soil depth classes as: 

Very shallow ................................... ' ............................ 0·25 cm 
Shallow .................................................................. 25·51 cm 
Moderately deep ......................................................... 51·102 cm 
Deep ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . > 102 cm 

Effective rooting depth. The depth to which a soil is readily penetrated by plant roots and 
utilized for extraction of water and plant nutrients. 

Erosion hazard rating. A potential soil loss rate from an unprotected bare soil surface. Ratings 
are expressed as: 

Low ............................................................... 0·0.64 em soil/yr 
Moderate ......................................................... 0.65·1.8 cm soil/yr 
High ............................................................ . .. > 1.8 cm soil/yr 

Gravel. Coarse fragments that are from 0.2 to 7.6 cm in diameter. 

Horizon boundary, soil. The lower boundary of a soil horizon is described as to its distinctness 
and topography. The distinctness of a horizon boundary is classified relative to the thickness of 
the transition zone: 

Abrupt .................................................................... <2.5 cm 
Clear ................................. , ... , ... , ... , .... , ................. 2.5·6.3 em 
Gradual ......... , ... , ............ , ..... , ... , .................... , ........ 6.3-13 em 
Diffuse .................................................................... > 13 em 

.. 

I 

- 1 

I 
I 
; 



The topography of this boundary is described as: 

Smooth .............................. Boundary parallel to soil surface. 
Wavy ............................... Boundary pockets wider than their depth. 
Irregular ...... ...... ... .... ~ ......... Irregular pockets are deeper than their width. 
Broken ...... ............. . ... .... ... Parts of a horizon are unconnected with other parts. 

Parent material. Disintegrated and partly weathered rock from which soil has formed. 

Permeability. The rate at which water may penetrate or pass through a soil mass or soil 
horizon. Permeability classes are described as: 

Very slow .............•.............................................. <0.15 cm/h 
Slow .. ... ....... ... . .... ....... .. ................................ 0.15-0.50 cm/h 
Moderately slow .................................................... 0.50·1.6 cm/h 
Moderate ... . . . .............................. . ....................... 1.6·5.0 cm/h 

' Moderately rapid .................................... , ................ 5.0-16 cm/h 
Rapid ... ............................................................. 16-50 cm/h 
Very rapid . .. ......................... . .............. . ............. .. .. >50 cm/h 

Plant roots. The relative numbers of various·sized roots per unit are described for soil horizons. 
The four sizes of roots are classified relative to their diameters as: 

Very rme ..... . .. . .. ..... .. . . . ... . . ... ........ . ................ ' ..... ... .. <1 mm 
Fine .... .... ............... . ....... . ... .. ............ .. . ... .. .... .. ...... 1-2 mm 
Medium ... .. .......... . .................. . . . . . . ... .... .. ... ..... ........ 2-5 mm 
Coarse .. . . ....... .. . .... . ... . . .. ... ................................. .. .. >5 mm 

The three root abundance classes are: 

Few ..... .. ..... . ................................... <10 very fine or fine roots/dm2
; 

<1 medium or coarse root/dm2
• 

Common . ...... .. ...... . · ............ . ..... . ..... 10·100 very fine or fine roots/dm2
; 

1-100 medium roots/dm2
; 

1-5 coarse roots/dm2
• 

Many . . .... ....... . ... . ....... ... .. .... .. > 100 very fine, fine or medium roots/dm2
; 

>5 coarse roots/dm2
• 

Pores, soil. Space not occupied by soil particles or coarse fragments in a bulk volume of soil. 
Soil pores are described in terms of the numbers of various-sized pores per unit area and pore 
shape. The size classes of pores are determined by the pore diameter as: 

Very fine .. . .. . .. . . . . . .. . .... . . .. . . . .... . . . ........ .. . . . . .......... .. . 0.1·0.5 mm 
Fine . . ... . ... . . . .. . . .. .. . . . . . . .. ... . . ... .. ....... . . . . . . .. . .. ... . .... . .. . 0.5-2 mm 
Medium .......... . . . .. .. . . .. . . . . ........ . .............. . ....... .. ...... . 2·5 mm 
Coarse .. . .. . .. .. .. . . ... . .. . , . . . ... ........ .... ................... . . . .... > 5 mm 

I . 
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The three soil pore abundance classes are: 

Few ................................................. : ... <25 very fine pores/dm2; 
<10 fine pores/dm2. 

Common ............................................. ,25-200 very fine pores/dm2; 
10-50 fine pores/dm2; 
1·5 medium pores/dm2; 
1·2.5 coarse pores/dm2. 

Many., ................................................ >200 very frne pores/dm2; 
>50 fine pores/dm2; 

Soil pore shapes are: 

>5 medium pores/dm2; 
>2.5 coarse pores/dm2. 

Vesicular ..... .. ........ , ....... ,approximately spherical or elliptical. 

Interstitial . . . . . . . . . . . . . . . . . . . . .. irregular in shape and bounded by curved or angular 
surfaces of mineral grains or peds. 

Tubular ....................... . approximately cylindrical. 

Reaction, soil. The degree of acidity or alkalinity of a soil, expressed in pH ~alues. A soil that 
tests to pH 7.0 is precisely neutral in reaction because it is neither acidic nor alkaline. The soil 
reaction or pH classes are described as: 

Medium acid .......... . .. .. ... .. . . ......................... . ... ... ...... 5.6·6.0 
Slightly acid ................................... . ...... . .. ' .. . ............. 6.1·6.5 
Neutral ............... . .................................................. 6.6·7.3 
Mildly alkaline ....................... .... ...... . ......................... 7.4·7.8 
Moderately alkaline ................ . ........ . .... . . .. .... . ...... . ........ 7.9·8.4 
Strongly alkaline ................... . ..................................... 8.5·9.0 . 

Relief. The elevations or inequalities of a land surface, considered collegtively. 

Runoff classes. Potential runoff classes for soils are influenced by the soil's ability to take in 
precipitation, moisture retention, vegetative cover and size and intensity of rain storms. Soil 
mapping units fall into one of three runoff classes based on the soil loss from a bare soil during an 
average 2·year, 30 minute precipitation event: 

Low . . ... . ........ .. ......................... . ... . . . .......... ....... 0.0-0.13 cm 
Moderate . ..... .. . .. . ..... . ......... . ..... . ... , , , , ..... , , , . , , ...... , 0,14·0,51 cm 
High . , ......................... , .. . . .... . . .. . . .. ............ , .. . . . . . .. >0.52 cm 

Sand. Individual rock or mineral fragments in a soil that range in diameter from 0.05 to 2.0 mm. 
Most sand grains consist of quartz, but may be of any mineral composition. The textural class 
name of any soil that contains 85% or more sand and not more than 10% clay. 

Series, soil. A group of soils developed from a particular type of parent materials and having 
genetic horizons that, except for the texture of the surface layer, are similar in differentiating 
characteristics and in arrangement in the profile. 
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Shrink-swell potential. The extent to which the soil shrinks as it dries out and swells when it 
gets wet. The magnitude of change is influenced by the amount and kind of clay in the soil. 

Silt. Individual mineral particles in a soil that range in diameter from the upper limit of clay 
(0.002 mm) to the lower limit of very fine sand (0.05 mm) . Soil of the silt textural class is 80% or 
more silt and less than 12% clay. 

Slope class. Land placed in various slope classes has the following dominant slopes: 

Level .. . . . .... .... ... . . .. .. .. . .. . . .. . . .. . . .. " . ... . . ... . .. ................ . .... . 0% 
Nearly level . . . . . ... . . . . . ...... .. .... . ...... . .. . .. . ..... . . ..... . ..... . .. . .. . .. 1 % 
Very gently sloping ... . .. .. .. . . ... . . . . . ..... .... .. .. .............. . ......... . 1·3% 
Gently sloping .. . ..... ....... ....... ... . ... . . . .. .. .. . .. . . . . ...... . .......... 3·8% 
Moderately sloping . . ... .. .... . . . ..... .. .. ... .. ..... . ................ .. . ... . 8·15% 
Moderately steep ............ . . . ... . .. .... .. . .. . ........... . .... . . .. ... ... . 15-30% 
Very steep . .. . . . .... . ..... ... . ...... . .. . .. . .... . ......... . ......... . ...... 30·50% 
Extremely steep . ...... . .. . ......... . ... . . . ... . . . ..... . ........... . ...... . .. >50% 

Stones. Rock fragments greater than 25 cm in diameter if rounded, and greater than 31 cm 
along the longer axis if flat. 

Structure, soil. The arrangement of primary soil particles into compound particles or clusters 
that are separated from adjoining aggregates and have properties unlike those of an equal mass 
of unaggregated primary soil particles. Soil structure is described in terms of its grade, size and 
form. The four structural grades are: 

Structureless . . . . . . . . . . . . . . . . . . . .. No observable aggregation. 
Weak . . . ...... .. . .. . . . . .. ....... Poorly-formed indistinct peds, moderately durable 

and evident . 
Moderate .. . ... . . : . . . . . . . . . . . . . .. Well-formed distinct peds, moderately durable and 

evident. 
Strong. . . . . . . . . . . . . . . . . . . . . . . . . . . Durable peds that are quite evident in undisplaced 

soil and adhere weakly to one another. 

The principal forms of soil structure are: 

Platy .. . ...... . .. . .. . .. . . .... .. .. Laminated. 
Prismatic . .. . . . ..... .. .. . . . . . . . .. Vertical axis of aggregates longer than horizon axis. 
Columnar . . . . . ... . . . . . . . . . . . . ... . Prisms with rounded tops. 
Angular blocky . . . . . . . . . . . . . . . . . .. Blocklike with all 3 dimensions of same order of " 

magnitude, faces flattened and most vertices shar· 
ply angular. 

Subangular blocky . . ........ . . .. . . Similar to angular blocky but both rounded and 
flattened faces occur with many vertices. 

Granular . . ......... , . . . . .. . ...... Nonporous and spherical. 
Crumb ............. . ...... .. ... . . Porous and spherical. 

The size limits for various forms of structure are shown in the following table. 

Texture, soil. The relative proportions of sand, silt and clay particles in a'mass of soil. The 
basic textural classes are quantitavely described in Fig. 8 and may be further divided by specify. 
ing preflXes of coarse, fine, or very fine. 
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Comada-BClVo complex 
C;,abra stony loam, 0·15% slo pes 
Cabra Slony loam, 16·40% ,lope, 
Cuervo yravelly loam, 0 ·15% ,lope, 
Cario loam 
Cuervo gravelly loam, 16·40" .. ,lopes 
Emod stony sandy 10",", 
EUlrandeplS,U'lipsammenls·Hapluslal', complex 
Frijole, very fine sandy loam 
Gric!JO' cobbly loam, 16·40"/, , Iopeo 
Grieyos cobbly loam, 4 1 ·80"10 ,lope. 
uriegas-Rock outcrop complex 
Hackroy sandy loam 
Hackroy-Rock oulcrop complex 
KWi1go-Pelado-Rock outcrop com plex 

Lata, gravelly sandy loam 
Ny jack loam 
Pueblo stony loam 
Pogoa fim: sandy loam 
Pelado cobbly loam 
Pcnistaja sandy lo~U'n 
POlrillo loam 
Prieta silt loam 
Dacite Jandv loam 
POlrillo gravelly loam 
Puye sandy loam 
au~mazon-Arriba-Rock outcrop complex 
Rock outcrop-Dayo complex 
Rock oUlcrop, basail 
Rock oUlcrop, Pelado·KIN.ye complex 
Rock outcrup-Pines-Tent,ock complex 
Rock "ulerop, fri gid 
Rock outcrop. mesic 
" .ndija·Bayo complex 
Rock outcrop-Colle-Painted Ccave complex 
Rock outcrop, steep 
Rabbil ·Tsank.wi·Rock OUIC.Op complex 
Rock outcrop-Cone-Stonelion complex 
Rock outcrop. very steep 
Saniue-Arriba camille. 
Sanla Klara·Arm>lead complex 
Seabv locam 
Shell-Ane,a complex 
Shell ·Anesa·Rock oUlcrop complex 
SClviliela loam 
T .Ius ,lopes, cryic 
Typic Euuoboralls, clayey ·okelelal 
Tu.key·Cabr.·Rock oulcrop complex 
Atomic-Ka rral complex 
Typic EUI.oboralfs. line·loamy 
T ocal very fine sandy (ocam 
Typic USlonhenlS·Rock outcrop complex 
Typic Eut.oboralf,. lin • 
T olavi g.a •• lly loamy .and 
Ustochreptic Camborlhid,·Rock oulcrop complex 

I l .. dIJ.lOh ,_ l •. 

County 

CONVENTIONAL S IGNS 

BOUNDARIES 

Boundary o' FUlest Service 
or SOil Conservcation Sc rv ict: 

Soil Survey. 

nOADS 

Dual·lane Road, 

SOil SURVEY DATA 

Soil boundary and symbol Q) 
Cinders $ 

Pumice deposit o 
Borrow Pil :IF 
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